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The present invention relates broadly to control ap-
paratus of the three-position‘type, and, more specifically,
relates to such control apparatus wherein an arrangement
having but two distinct conditions of operation is caused
to produce three distinctly different control effects. - More
specifically, the present invention relates to three-position
control apparatus of the type just stated wherein the neu-
tral zone or second control effect requlred for effecting
control by the three-position method is established by
automatically shifting a control point alternately between
two predetermined values in synchronism with the alter-
nate actuation of respomsive means which produce the
control effects.

It is a primary object of the present invention to pro-
vide improved control apparatus of the three-position
type having but two- distinct operating conditions and
yet providing three - distinctly different control effects
through the medium of a synchronously shifted control
point.

A more specific object of the invention is to provide
improved -three-position control apparatus of the type
just specified wherein the control point of a device hav-
ing but two distinct conditions of operation is automati-
cally shifted alternately between two predetermined, dif-
ferent values in synchronism with the alternate actuation
of means responsive to the condition of the device, there-

by to establish the neutral zone required for eﬁecting»

control by the three-position method:

It is also a specific object of the present invention to
provide novel “control apparatus of the three-position
type noted above which is charactenzed by the inclusion
of but a single, simple adjustable means for- controlling
the operation of a device having but two distinct condi-
tions of operation as necessary to effect three-posmon
control.

It is a further specific object of the invention to pro-
vide three-position control apparatus of the type speci-
fied above including adjustable means which is given
one control point value for controlling the operation of
one responsive device, and which is alternately caused
automatically to have a different control point value at
which the operation of a second responswe device is
controlled.

An even more specific object of the invention is to’

provide three-position control apparatus of the type just
specified which includes first and second responsive de-
vices, each of which is permitted to be operatively en-
ergized and prevented from being so energized during
alternate periods in which such energization of the other
device is respectively prevented and permitted, and which
includes adjustable means and control means electrically
connected to the adjustable means and adapted to es-
tablish electrically a first control point value for the ad-
justable means during the periods in which the first device
may be operatively energized, and adapted to establish
electrically a different control point value for the ad-

2

justable means at which the second device may be op-
eratively energized during the periods in which the en-

~ ergization of this device is permitted.
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Ancther more specific object of the invention is to

rovide "control apparatus of the type just described
wherein the selective operation of the two responsive de-
vices is effected by an oscillator circuit having but two
distinct conditions of operation and including a separate
portion individual to each of the responsive devicés and
a portion common to said separate portions and compris-
ing means adjustable to permit and prevent oscillation
of the oscillator circuit,

Still another specific object of the present invention
is to provide apparatus as just specified wherein the re-
sponsive devices are included in separate, output por-
tions of the oscillator circuit, wherein there are included
control means adapted to energize solely one of said
portions during first periods which alternate with others
during which solely the other of the portions is energized,
and wherein there are included other control means which
are electrically connected to the common, adjustable
portion of the oscillator circuit, and which are adapted’

“solely during said first periods to establish a first control

point value for the adjustable portion relative to- which
the operation of the first device is controlled, and which

~are adapted during solely said other periods to establish

a different control point value relative to which the op-
eration of the second device is conirolled.

Other specific objects of the invention are to provide
apparatus of the type described above wherein the alter-
nate energization of the responsive devices by one con-
trol means is effected by the use of an alternating cur-
rent energized transformer providing voltages of oppo-
site phase, and to provide such apparatus wherein the
alternate shifting of the control point value of the ad-
justable portion is effected electrically by the other con-
trol means through the automatic alternate connection
of a suitable impedance device across a reactance ele-
ment in the adjustable portion of the apparatus, or by’
the provision of two different values of “oscillatory cou-
pling, to each of which the apparatus is alternately re-
sponsive. Such operation may be effected by either elec-
tromagnetic synchronous switch means or by purely elec-
trical and. elecironic means. )

There are known in the art various devices for pro-
viding so-called “three-position” control, wherein the con-
trol apparatus is actuated into a first, a second, or a third
condition, or produces a first, a second, or a third con-
trol effect, as determined by the magnitude or value of
a condition to which the apparatus is responsive. In each
of these arrangements, however, insofar as I have been
able to determine, it was necessary either to include a
device having more than two distinct operating condi-
tions, to include a pair of separate controllers placed
under the joint control of a necessarily complex control-
ling member, or to include two adjustable elements for
actuating a single device in progressively different ways
as a controlling member progressively adjusted the ele--
ments.. However, the present invention utilizes no such
duplicate adjustable elements or such duplicate control-
lers, nor does it require a device having more than two
conditions. Therefore; ‘numerous construc-
tional and operating features and  advantages are pro-
vided by the present invention which are not obtainable
with the previously known three-position control arrange-
ments.

Accordingly, it is a prime object of the present inven-
tion to provide control apparatus of the three-position
type wherein a single adjustable member is adapted to
actaate a portion into either a first or a second operating
condition,” and wherein the portion is common to two
load devices which are operative to produce a first con-



trol effect when a condition adjusts the adjustable ele-
ment to a first value, which are operative to produce a
second control effect when the element is adjusted to a
second value, and which are operative to produce a third
control effect when the element is adjusted to a third
value.

In accordance with the present invention, I provide
three-position control by the use of an oscillator circuit
having but two operating conditions: i. e., and oscillating
condition and a non-oscillating condition. This circuit
includes first and second portions and a separate re-
sponsive device, shown herein as a relay, individual to

each portion. Each responsive device is adapted to as-’
sume one or another condition or position, depending
upon whether the device is operatively -energized or

not. The operative energization of each device at any
given time is in turn determined by whether or not ener-

10

gizing voltage is applied to the circuit portion including -

the device at that time, and whether or not the circuit is
in- oscillation at that time. The energization of said por-
tions is advantageously controlled by one control means
which is adapted to supply energizing voltage to one of
the portions, but not to the other, during periods which
alternate with others in which the other portion is provided
with energizing voltage while the one portion is not. As
will be shown, a transformer energized with alternating
current and adapted to supply two alternating voltages of
opposite phase is well adapted to be used in such con-
trol means.

The preferred form .of apparatus also includes an ad-
justable portion forming a part of the oscillator circuit.
This portion is common to both of the first mentioned
portions, and includes a reactive element, shown as a
two-part coil, the reactance of which is adjustable under
the control of a cooperating part adapted to be positioned
between the halves of the coil. The adjustment of said
part to various positions relative to the coil varies the
reactance of the coil which in turn varies the magnitude
of the regenerative, oscillatory coupling provided by the
portion including the coil. Accordingly, the adjustment
of the reactance of the coil controls the state of oscillation
of the oscillator by permitting or preventing such oscil-
lation, and hence controls the operative energization of
the responsive devices.

The three-position mode of operation is obtained in the
present invention by the use of other control means which
are electrically connected to the adjustable reactive ele-
ment or coil and which are operative to establish electri-
callv a first control point value of said element for the
starting and stopping of oscillation of said circuit when the
first of the aforementioned portions is alone provided with
energizing voltage, and which are operative to establish
electrically a different control point value of said element
for the starting and stopping of oscillation of the circuit
when the other of the portions is alone energized. Ac-
cordingly, the result is that one of the responsive devices
is affected solely by the deviation between the reactance
value to which the element is adjusted and the first men-
tioned control point reactance value of the element,
while the other responsive device is controlled solely in
accordance with the deviation between the reactance
value to which the element is adjusted and the second
control point reactance value of the element. Therefore,
when the element is adjusted to a-first value outside of the
range embraced by the first and second. control point
values, each of said responsive devices will be in a given
position, and a first control effect will result. When the
element is adjusted to a value intermediate said first and
second control point values, the position of solely one of
said responsive devices will change from the first control
effect position, whereby a second control effect' will be
produced. Finally, when the element is adjusted to a
third value which is outside of said range on the opposite
side from the first value, the position of the other of the
responsive devices will change from that existing under
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the first and second control effects, but the one device
will maintain the same position which it had under the
second control effect, thereby providing a third con-
trol effect corresponding to said third adjusted value
of the element.

As shown, the electrical establishment of two different
control point values at which oscillation of the circuit is
permitted and prevented is obtained by connecting a suit-
able impedance element, such as a resistor, a condenser,
or an inductor, across the reactive element solely through-
out the periods in which solely one of the oscillator cir-
cuit portions is supplied with energizing voltage. Such
alternate connection and disconnection may be achieved
by the use of an electromagnetic, synchronous switch or
chopper which is energized for operation from the same
source of voltage which energized the aforementioned en-
ergizing transformer. Alternately, a keyed electron tube
or similar device may be employed in lieu of the elec-
tromagnetic switch. Further, the control means may
instead. consist of means for establishing two points in
the common, -adjustable regenerative coupling portion at

which the magnitude or intensity of the coupling is ap-

preciably different, and means for connecting each of
said portions to a respective one of :said points in order
that the control point value of the reactive element at
which oscillation is permitted and prevented will be differ-
ent when one of the portions is energized from when the
other portion is energized.

The various features of novelty which characterize
this invention -are pointed out with particularity in the
claims annexed to and forming a part of this specification.
For a better understanding of the invention, however, its
advantages, and specific objects obtained with its use,
reference  should be had to the accompanying drawings
and descriptive matter in which are illustrated and de-
scribed preferred embodiments of the invention.

Of the drawings: ‘

Fig. 1 is a circuit diagram illustrating a form of the
present invention in which each of the oscillator portions
includes a separate electron tube, and in which an elec-
tromagnetic synchronous. switch alternately connects an
adjustable resistor across an oscillation-controlling react-
ance element;

Fig. 2 is a circuit diagram illustrating a portion of a
modification of the apparatus of Fig. 1 wherein the syn-
chronous switch and adjustable resistor are replaced by
an electron tube connected to perform according to the
well-known “Miller Effect”;

Fig. 3 is a circuit diagram illustrating-a portion of a
modification of the Fig. 2 apparatus wherein the load re-
sistor for the Miller Effect tube is shifted from the anode
circuit to the: cathode circuit of that tube;

‘Fig. 4 is a circuit diagram of a portion of another modi-
fication of the Fig. 1 arrangement wherein the synchron-
ous switch and- adjustable resistor are replaced by a keyed
diode rectifier and an adjustable condenser;

Fig. 5°is a circuit diagram illustrating a portion of a
modification of the Fig. 4 arrangement wherein the diode
rectifier is shown as a keyed diode-connected triode elec-
tron tube;

Fig. 6 is a circuit diagram of a portion of a modification
of the Fig. 5 arrangement wherein the keyed electron tube
is connected-as a triode;

Fig. 7 is-a circuit diagram of a portion of another
modification of the arrangement of Fig. 4:wherein biasing
means are provided for minimizing interaction between
the alternately operative oscillator portions;

-Fig. 8 is a circuit diagram of another embodiment of
the present invention wherein a single ‘electron tube is
employed, -and wherein 2 diode “rectifier is included in
each of the oscillator portions;

- Fig. 9 is-a-circuit: diagram of a portion of a modifica-
tion of the apparatus of Fig. 8 wherein a second pair- of
diode rectifiers is employed to sectire more- efficient op-
eration; '
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Fig. 10 is a circuit diagram of a préferred form of the
present invention which includes a separate electron tube
individual to each of the oscillator portions and which
includes means for. separately controlling the oscillation
of each of said portions by the connection of each por-
tion to a point of different regenerative coupling: in-
tensity;

Fig. 11 is a circuit diagram of a portion of the Fig. 10
arrangement which is redrawn to illustrate more clearly
the manner in which the different coupling intensities
are obtained;

Figs. 12 and 13 are diagrams which illustrate various
connections and operating conditions for the arrangement
of Figs. 10 and 11;

Fig. 14 is a circuit diagram illustrating a preferred
modification of the arrangement of Figs. 10 and 11 which
includes a desirable safe-failure portion; and )

Figs, 15 and 16 are diagrams.which illustrate various

connections and operating conditions for the arrangement’

of Fig. 14.
The apparatus of Fig. 1

The embodiments of the three-position control ap-
paratus of the present invention illustrated herein are
all of the vane-controlled oscillator type, wherein the
movement of a member or vane relative to an element
controls the state of oscillation of the oscillator including
the element. By way of illustration and example, and
not by way of limitation, the oscillator circuit chosen
for illustrative purposes herein is of the common-grid

type disclosed and claimed in the copending application

of Warren Moore, Jr., Serial No. 106,796, which was
filed on July 26, 1949, and which issued as Patent No.
2,647,252 on July 28, 1953, It is to be understood, how-
ever, that the present invention is not limited in its use-
fulness to control apparatus of this or any other type
of vane-controlled oscillator, but is equally as well adapt-
ed when embodied in other forms of control apparatus.
However, the vane-controlled oscillator form of con-
troller is one which permits a clear and forceful ex-
planation of the invention to be readily made, and it is
for this reason that this form of control apparatus is
employed for illustrative purposes herein.

The embodiment of the present invention illustrated in
Fig. 1 includes a vane 1 which cooperates with a re-
active element or coil 2 to vary the reactance value of
the latter. The Fig. 1 arrangement also includes an
oscillator circuit which in turn includes a first portion
generally designated by the reference character 3, a sec-
ond portion generally designated by. the reference char-
acter 4, and an adjustable, common regenerative cou-
pling or feedback portion generally designated. by the
reference character 5 and including the vane 1 and the
coil 2. Also included in the Fig. 1 apparatus are:first
control means including a transformer 6 having a primary
winding 7, a low-voltage secondary winding 8, and a
high voltage secondary winding 9 provided with a center-
tap connection 18, The arrangement also includes second
control means generally -designated at 11 and including
an adjustable resisior 12 and an electromagnetic, syn-
chronous switch 13.

The circuit portion 3 includes an electro-responsive
device or relay 14, a triode electron tube 15, and other
components and connections to be hereinafter described.
The relay 14 has an operating winding 16 which, when
operatively energized, causes the relay to be actuated
from the droppad-out to the picked-up condition, and
thereby actuates a movable contact 17 out of engage-
ment with a normally-closed stationary contact 18:and
into engagement with a normally-open stationary con-
tact 19. Similarly, the circuit portion 4 includes an
electro-responsive device or relay 20, a triode electron
tube 21, and other components and connections to be de-

scribed. The relay 29 includes an operating winding.

22 which is operative, when suitably energized, to cause
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the relay to be actuated from the dropped-out fo the
picked-up condition and to actuate a movable contact 23
out of engagement with a normally-closed stationary
contact 24 and into engagement with a normally-open
stationary contact 25.

Each of the triodes 15 and 21 includes anode, control
grid, cathode, and cathode heater elements in the usual
manner. The cathode heaters of the triodes 15 and 21
are adapted to be connected between the terminals 26
and 27 of the transformer winding 8 by partially-shown
conductors, these connections being for the usual pur-
pose of supplying cathode heater energizing current to
the triodes.

The adjustable, common regenerative coupling or feed-
back circuit portion 5 includes the reactive element 2
and the vane 1 which operates with the element 2 to
render the latter adjustable or variable as noted above.
The circuit portion 5 also includes an oscillator output
inductance or coil 28, an oscillator input inductance or
coil 29, and tuning condensers 30 and 31. The circuit
portion 5 is coupled to the portions 3 and 4 by respective
coupling condensers 32 and 33.

The manner in which the various components are in-
terconnected in the Fig, 1 arrangement will now be de-
scribed. One end terminal 34 of the transformer sec-
ondary winding 9 is connected in series with the relay
winding 16 and a radio frequency choke coil 35 to the
anode of the triode 15, while the other end terminal 36
of the winding 9 is connected to the anode of the tube 21
through the relay winding 22 and a radio frequency
choke coil 37. The cathodes of the triodes 15 and 21
are connected through the common portion 5 to a
grounded conductor 38 and thence to the center-tap con-
nection 10 of the winding 9, thus completing the load or
output circuits of the triodes.

The triode load circuits can be traced individually as
follows. The load circuit for the triode 15 of the cir-
cuit portion 3 can be traced from the terminal 34 of
the secondary winding 9 through the relay winding 16
and the choke coil 35 to the anode of the triode 15, and
from the cathode of the latter through the coil 29, the
coil 2, and the conductor 38 to the center-tap connection
10 of the winding 9. Similarly, the load circuit for the
triode 21 of the circuit portion 4 can be traced from
the terminal 36 of the winding 9 through the relay wind-
ing 22 and the choke coil 37 to the anode of the triode
21, and from the cathode of the latter through the coils
29 and 2 and the conductor 38 to the center-tap con-
nection 10..

A condenser 39 is connected across the relay winding
16 in the portion 3 for a purpose to be described here-
inafter, while a condenser 40 is connected in paralle] with
the relay winding 22 in the portion 4 for an analogous
purpose.

As was noted above, the adjustment of the adjustable
regenerative coupling portion or circuit 5 controls the
state of oscillation of the oscillator circuit: that is, con-
trols or determines whether the circuit is or is not in
oscillation when operatively energized. Therefore, the
circuit 5 includes the various elements 1, 2, 28, 29, 39,
and 31 which are operative, when properly ad]usted to
cause. the oscillator circuit to oscillate.

Before discussing in more detail the operation of the
components of the circuit portion 5 in connection with
the remainder of the arrangement, the connections of
these components with the other components of the ap-
paratus will be described. To this end, it is noted that
the oscillator output coil 28 is connected in the oscillator
output or anode-control grid circuits of the triodes 15 and
21, and hence is common to the circuit portions 3 and 4.
As shown, one terminal of the coil 28 is connected
through the coupling condenser 32 to the anode of the
triode 15, and is connected by a conductor 41 and the
coupling condenser 33 to the anode of the triode 21. The
other terminal of the coil 28 is connected through the -
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element -or coil 2 to the conductor 38-and ‘thence through
respective grid -bias resistors 42 and 43.to the control grids
of the respective triodes 15 and 21. Grid bypass. con-
densers 44 and 45 .are respectively connected in parallel
with the resistors 42 and 43.

From the foregoing it can readily be seen that the os-
cillator output or ancde-control grid circuits of the triodes
15 and 21 include the coil 28 as a common element. "To
illustrate this fact .further, the .oscillator output circuit
of the tricde 15 can be traced from the anode of the
triode 15, through the condenser 32, the coil 28, the coil
2, the conducter 38, and the resistor 42 -and parallel con-
nected condenser 44 to the control grid of the triode 15.
Similarly, the oscillator -output circuit of ‘the triode 21
can be traced from the anode of the triode 21 through
the condenser 33, the conductor 41, the coil 28, the coil
2, the conductor 38, :and the resistor 43 .and -parallel
connected condenser 45 to the control grid of the triode
21.

The oscillator input coil 29-of the cireuit peortion 5§ is
cennected in the input er comtrol grid-¢cathede circuit .of
cach of the triodes 15 apd 21. ‘To this end, one end
terminal of the coil 29 is conngscted to the cathodes of the
tricdes 15 and 21, and the remaining end of the coil
29 is connected to the junction between the coil 28 and
the coil 2. From this point, the coil 29 is connegted
through the coil 2, the conductor 38, and the respective
ones of the resisters and condensers 42 through 45 to
the control grids of the triodes 15 and 21.

It is thus seen that the input coil 29 is connected be-
tween the cathode of each of the triodes 15 and 21 and
the contrel grid of each of these triodes, whereby the
coil 29 is common to the oscillator input or contro} grid-
cathode circuit of each of the triodes. For added clarity,
the input circuit of the triode 15:can be traced from the
control grid of the triode 15 threugh the resistor 42 and
parallel connected condenser 44, the conductor 38, the
coil 2, and the coil 29 to the cathode of the triode 15.
Similarly, the input circuit of the triode 21 can be traced
from the centrol grid of the triode 21 through the resistor
43 and parallel connected condenser 45, the conductor
38, the coil 2, and the coil 29 to the cathode of the triode
21.

To complete the connections within the circuit 5, the
condenser 39 is connected in parallel with the series con-
nected combination of the coils 28 and 2, while the con-
denser 31 is connected in parallel with the series con-
nected combination of the coils 29 and 2.

From the foregoing description it should be evident that

the oscillator input circuvits of the triodes 15 and 21 are ;

connected in parallel to the input portion of the circuit 5,
while the oscillator output circuits of the triodes 15 and
21 are connected in parallel to the ontput portion of the
circuit 5. In other words, as noted above, the circuit 5
is an oscillation controlling portion common to the two
triodes 13 and 21 and their respective circuit portions 3
and 4. Momentarily conside_rino the circuit 5 and only
one of the portions 3 and 4, e. g., the portion 3, it can
readily be seen that this combmatlon constitutes a vane-
centrolled, common-grid oscillator circuit of the type dis-
closed in the aforementioned Moore patent, wherein the
reactive element or coil 2 is a common, adjustable rg-
generative coupling element between the oscillatory input
and output circuits, and hence controls the oscillatory
feedback or coupling between these circuits and the re-
sulting state of oscillation of the oscillator circuit por-
tion 3 including the triode 15. Similarly, the circuit 5
and the portion 4 in combination constitute a second
vane-controlled oscillator of the Moore patent type which
is identical to that formed by the combination of the
circuit portions 3 and 5. Accordingly, each of the os-
cillator circuit portions 3 and 4 is controlled by the cir-
cuit 5 in the same manner as described in said Moore
patent, just as though the other portion 3 or 4 were not
present,
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‘Since the construction -and mode of operation of vane-
contrelled -oscillator arrangements per se of the type
described above -are -clearly described in detail in the
aforementioned Moore patent, it is believed to be suffi-
cient to state herein that the triodes 15 and 21 and their
associated. circuit portions are caused to oscillate, when
operatively energized by the transformer 6, whenever
the circuit -5 provides sufficient regenerative coupling to
initiate and sustain such woscillation. The circuits are
advantageously so.arranged that the same coupling value
provided by the circuit 5 which will just cause .oscillation
of the triode 15 circuit, when operatively energized, will
also just cause oscillatien of the triode 21 circuit when
this circuit is operatively energized. Therefore, there is
a critical value of the coupling provided by the circuit 5
above which the oscillator portions will oscillate, and
below which there will be no oscillation. .

As will be discussed below, the value of the coupling
provided by the circuit 5 is a function of the impedance of
the circuit branch including the coil 2, which impedance
in turn is jointly determined by the self-inductance or
reactance of the coil 2 and by the impedance of any other
device, such as the resistor 12, which may be connected
across the coil 2. The self-inductance or reactance of the
coil 2 is in turn determined by the position of the vane 1
within the space between the two halves of coil 2. There-
fore, momentarily neglecting the means 11, including
the resistor 12 and switch 13, there is a given position of
the vane 1 relative to the coil 2, which may be called a
control ‘point position, ‘which corresponds to a control
point value of the reactance of the coil 2 which, in turn
corresponds to the aforementioned critical value of the
coupling: produced by the circuit 5. Accordingly, if the
vane 1is out from between the halves of the coil 2 past
the -control peint position, the adjusted reactance value of
the coil 2 will be greater than the control point value, the
ceupling will be in excess of the critical value required,
and oscillation will occur. As the vane is moved in toward
the control point position, the adjusted coil reactance and
coupling will decrease, but oscillation will continue until
the control point -position is reached. At this point, the
coil reactance will be decreased below the control point
value, the coupling will be decreased below the critical
value, and all oscillation will cease. These last condi-
tions will continue to exist for any position of the vane
which is past the control point position in the reactance-
reducing direction.

Summarizing the above, there is a single control point
value for the reactance of the coil 2, in the absence of

_the means 11, above which .value oscillation of the ap-

paratus will be produced, and below which such oscilla-
tion will be prevented. Further, when some other ele-
ment, such as the resistor 12, is connected across the
ceil 2, there will be a single control point value for the
impedance of the combination above and below which
oscillation will be respectively produced and prevented,
but the control point value for the coil reactance and
the control point position of the vane 1 will be differ-
ent from when no such element is connected across the
coil.  In other words, the connection of the resistor 12
across the coil 2 will change the control point value of
the reactance of the coil, above and below which value
oscillation is respectively produced and prevented.

It is noted that the -coils 28 and 29 of the circuit 5
may advantageously be coupled degeneratively in the
Fig, 1 arrangement as is done in the apparatus disclosed
in the above mentioned Moore patent for obtaining so-
called “snap action” operation.

Before progeeding with a description of the operation
of the Fig. 1 arrangement, certain assumptions and defini-
tions which will simplify the subsequent description will
be made. As shown, the transformer primary winding
7 is connected between supply conductors 46 and 47, and
it is assumed that these conductors supply to the trans-
former alternating current from a suitable source. By
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way of example, it is assumed that the frequency of
the supplied current is sixty cycles per second. The first
halves of the cycles of this supply current, or voltage,
will be referred to as the “first” half cycles, and it is
assumed that the secondary winding terminal 34 of the
transformer 6 is rendered positive with respect to the
center-tap connection 10 and the other winding terminal
36 throughout these first half cycles. = Accordingly, the
terminal 36 will be rendered negative with respect to the
terminal 34 and connection 10 during the first half of
each cycle of the supply voltage.

In view of what has just been said, the first half cycles
will be referred to as the operative half cycles or periods

for the triode 15 and the circuit portion 3, while these -

half cycles or periods will be referred to. as the inopera-
tive half cycles for the triode 21 and the circuit portion
4. This terminology is clearly proper, since the anode of
the triode 15 is rendered positive with respect to-the asso-
ciated cathode, and hence the triode 15 is capable of con-
duction, during the first half cycles, while the ancde of
the triode 21 is rendered negative with respect to the asso-
ciated cathode during the first half cycles, whereby no
conduction by the triode 21 can take place during these
first half cycles. ) : )

In a similar manner, the other halves of each of the
supply voltage cycles will be referred to-as the “second”
half cycles, and it is assumed that the terminal 36 is
rendered positive with respeéct to the terminal 34 and the
connection 1§ throughout these second half cycles. Ac-
cordingly, the latter will be referred to as the operative
half cycles for the triode 21 and circuit portion 4, since
cenduction of the triode 21 will be permitted during those
half cycles., The latter will also be referred to as the in-
operative half cycles for the triode 15 and the circuit
portien 3, for obvious reasons.

In view of the foregoing description of the oscillatory
poriions of the Fig. 1 apparatus, and in view of the de-
tailed description of the vane-controlled, common-grid
oscillator per se given in the aforementioned Moore pat-
ent, the remainder of the description will be limited to
the manner in which the oscillator operates and performs
in the present invention.

Operation of the Fig. 1 apparatus

In considering the broader operating aspects of the
Fig. 1 apparatus, let it first be assumed for simplification
that there are no means 11 connected in parallel with
the control element or coil 2. Under this condition, the
operation of the oscillator circuit of Fig. 1 with its two
parallel connected tubes and output portions is basically
substantially the same as the operation of the original,
single tube oscillator circuit of the aforementioned Moore
patent. Specifically, with relation to Fig. 1, when the
vane 1 is out from between the halves of the coil 2, the
apparatus will be in continuous oscillation, since the
triode 15 will be permitted to be conductive and to oscil-
late during the first half cycles of the alternating supply
voltage, while the triode 21 will be permitted to be con-
ductive and to oscillate during the alternate or second
half cycles of the supply voltage. Therefore, since the
triodes 15 and 21 will be caused to oscillate alternately,
the net effect will be that the apparatus will be in sub-
stantially constant oscillation, whereby neither of the
relays 14 and 20 will be energized sufficiently to be actu-
ated into the picked-up position. Accordingly, the relays
14 and 20 will be maintained in the dropped-out position
as shown in Fig. 1, with the respective movable contacts
17 and 23 in engagement with the associated normally-
closed contacts 18 and 24 and out of engagement with
the normally-open contacts 19 and 25.

If now the vane 1 is moved between the halves of
the coil 2 to the control point position, at which the
self-inductance or reactance of the coil 2 is reduced to
the extent that there is insufficient coupling to sustain
the oscillation of the apparatus, the conductivity of each
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of the triodes 15 and 21 will be increased sharply during
the corresponding operative half cycles of the supplied
alternating current in which the anode of the triode is
rendered positive. This in turn will be accompanied by
the operative energization of each of the relays 14 and
29 which will cause the latter to assume the picked-up
position, whereby each of the movable contacts 17 and
23 will be held in engagement with the respective one of
the normally-open contacts 19 and 25 and out of engage-
ment with the respective normally-closed contacts 18
and 24,

Although ‘it is true that the actual flow of current in
each of the portions 3 and 4, as well as the conductivity
of each of the triodes 15 and 21, take place solely during
the -operative half cycles for the respective triode, and
are interrupted during the inoperative half cycles, the
action of each of the condensers 39 and 40, connected in
parallel with the respective relay windings 16 and 22,
prevents the actual deenergization of the relays during
the inoperative periods, and hence causes both of the re-
lays to remain picked-up at all times in which the vane
1 is sufficiently far within the space between the sec-
tions ‘of the coil 2 to be at or past the control point posi-
tion, and hence prevents oscillation at all times.

The manner in which the arrangement of Fig. 1 is
operative to provide control of the three-position type
will now be discussed. In the first place, it should
be noted that the operation of the means 11 is to shift
alternately the value of the coupling provided by the
circuit-5 for any given position of the vane 1. In other
words, the operation of the switch 13 to connect the
resistor 12 across the coil 2 and to remove the resistor
12 from this connection alternately is such as to cause
any given position of the vane 1 to make the circuit §
produce one value of coupling when the contacts of the
switch 13 are closed, and to produce alternately a higher
value of coupling when the contacts of the switch are
open. This means that the vane 1 has a first control
point position relative to the coil 2, corresponding to
a first control point value for the reactance of the coil
2, when the contacts of the switch 13 are open, whereas
there is a second, different control point position for the
vane, and a corresponding, second control point reactance
value for the coil 2, when the contacts of the switch 13
are closed. It should be noted that the reactance value
of the coil 2 must be higher to produce oscillation when
the contacts of the switch 13 are closed than it needs to
be when said contacts are open. )

Stating the above in a slightly different manner, it can
be-said properly that the coil 2 has a first control point
value of reactance, above and below which oscillation
is respectively permitted and prevented, when the con-
tacts of the switch 13 are open, and has a second, dif-
ferent control point value when said contacts are closed.
Since a greater value of reactance of the coil 2 must be
present to produce oscillation when said contacts are
closed, it can be said that the aforementioned second
control point value represents a higher value of reactance
than is represented by the aforementioned first control
point value. Therefore, when the vane 1 is moved to-
ward the coil 2, in the direction to decrease the coil
reactance, the second control point position will be
reached first, and the reactance of the coil 2 will be
reduced below the second, higher control point reactance
value first, whereby oscillation will be prevented at the
times when the contacts of the switch 13 are closed.
Likewise, further movement of the vane 1 in the same
direction will thereafter cause the first control point
position to be reached, and will cause the coil reactance
to be reduced below the first, lower conirol point re-
actance value, whereby oscillation of the apparatus will
be totally prevented, even during the periods in which
the contacts of the switch 13 are open.

As shown, the synchronous, electromagnetic switch
13 includes an operating winding or coil 48 for operat-
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ing its contacts. -Specifically, the contacts of the switch
13 are caused to open and close once during each com-
plete cycle of an alternating current supplied to the wind-
ing 48, being open throughout the first halves and closed
throughout the second halves of the energizing current
cycles. The switch 13 may be -of any of a number of
known, snitable forms, and may -well be of the type
disclosed and claimed in the Side Patent No. 2,423,524
of July 8, 1947. Accordingly, no further description of
the switch 13 is deemed to be necessary herein.

In accordance with the present invention, the winding
48 of the switch 13 is energized with' alternating current
from the winding 8 of the transformer ‘6 in order to
synchronize the alternate shifting of ‘the -oscillation con-
trol point with the alternate conductivity of the portions
3 and 4. To this end, the winding 48 is connected. to
the terminals 26 and 27 by partially shown. conductors.
It is assumed in the following description that the con-
tacts of the switch are maintained in engagement or are
maintained closed. throughout the second half cycles of
the supply voltage, and are maintained out of engage-
ment or open throughout the first halves of those. cycles.
Accordingly, . said - contacts are closed throughout the
operative half cycles of the triode 21, and hence at all
times at which the triode 21 may be conductive and may
oscillate, and are open throughout the operative half
cycles of the triode 15, and hence, at all times at which
the triode 15 may be conductive and may oscillate.

As a result of the foregoing, the .circuit 5, for any
given position of the vane 1, provides one value of
coupling during the operative half cycles of the triode
15 and the circuit 3, and provides a different, lower value
of coupling during the alternate half cycles in which the
triode 21 and circuit 4. may oscillate-and conduct. From
this it follows that the operation of the means 11 causes
the establishment of the aforementioned first. control
point position of the vane 1 throughout the half cycles
when the tube 15 alone may oscillate, and causes the
establishment of the aforementioned second vane control
point position throughout the alternate half cycles in
which the triode 21 alone may oscillate. Therefore,
for a given vane position, the coupling produced by the
circuit 5 will have a constant value throughout the half
cycles in which the triode 15 may .oscillate, and will have
a different, lower, constant value throughout the half
cycles in which the triode 21 may oscillate. The effect
of this is that the triode 15 is aware solely. of the.first
higher value of the coupling produced by the circuit 5,
while the triode 21 is aware solely of the second, lower
value of said coupling, all for any given position of the
vane 1. :

The significance of the above is readily seen. The
means £l causes the coil 2 to have one control point
reactance value at the only time when the triode 15 can
oscillate, and causes the coil 2 to-have a different control
point reactance value at the only. time at which the
triode 21 can oscillate. Since the means 11 alternately
shifts between two predetermined  values the control
point reactance value of the coil 2 at which movement
of the vane 1 in the appropriate direction will initiate
or interrupt oscillation of the oscillator, and since the
operation of the switch 13 is synchronized with the al-
ternate energization of the circuits 3 and 4 and the
triodes 15 and 21, it can be seen that one portion of the
arrangement, namely that including the portions 3 and
5, the relay 14, and the triode 15, constitutes a first
vane-controlled oscillator arrangement wherein the relay
14 is controlled in accordance with the position of the
vane 1 relative to the first control point position, while
a second portion of the arrangement, namely that in-
cluding the portions 4 and 5, the relay 20, and the
triode 21, constitutes a second vane-controlled oscillator
arrangement wherein the relay 20 is controlled in ac-
cordance ‘with the relationship between the position of
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the wane 1 and:-the second control ‘point position. In
other ‘words, the “oscillation of “the triode 15 during its
operative half cycles, ‘and the ‘operation of the relay 14
in accordance ‘with the oscillatory condition of the triode
15, are under the control of the vane 1 with reference to
the first control point value of the reactance of the coil
2, while the -oscillation of the triode 21 during its op-
erative half cycles, and the control of the relay 20
effected thereby, are under the control of the vane 1
relative to the second, different control point value of the
reactance of the coil 2.

The manner in which the foregoing operation provides
three-position control should now be readily apparent.
For the conditions-and urder the assumptions previously
stated, it will require a ‘higher value of reactance of the
coil 2 to maintain oscillation of the triode 21 than will be
required to maintain' escillation of the triode 15. This
difference tepresents ‘the . difference “between the afore-
mentioned first and second control ‘point values for the
reactance of ithe coil ‘2. -Further, this difference corre-
sponds to a range of positions-of the vane 1, and a corre-
sponding range of values for the reactance of the coil 2,
within which sclely the triode 15 and associated com-
ponents will be caused to oscillate, within which the
oscillation of the triode 21 and associated components
will be prevented, and -within which, therefore, solely the
relay 20, ‘but not the relay 14, will ‘be picked-up. These
ranges represent the so-called “neutral zone™ which cor-
responds to the second or intermediate control effect in
three-position contro! apparatus,

Tt is believed ‘that the operation of the present invention
can now be fully described to best advantage by the use
of -a specific illustration, in which the vane 1 is progres-
sively moved from a position remote from the coil 2 to
a position well within the space between the coil halves,
and is then moved back to the initial position. It is
believed also that the following description will illustrate
conclusively the manner in which the apparatus of the
present invention fulfills the several objects stated herein-
before.

Under the foregoing assumptions, ‘when the vane 1 is
sufficiently out from between the halves of the coil 2 so
that the adjusted value of the reactance of the coil 2 is
such that the coupling produced by the circuit 5 is higher
than that required to produce pscillation during both the
first and second half cycles of the supply voltage, both
of the triodes 15 and 21 will be in oscillation, and both of
the relays 14 and 20 will be in ‘the dropped-out position.
This condition of the two relays may conveniently be
referred to as a first control effect, and is seen to be
established when the adjusted ‘reactance value of the
coil 2 is higher than the higher of the two reactance con-
trol point values alternately established by the means 1.

When the vane 1 is moved into the space between the
halves of the coil 2 to a point where the coupling of the
circuit § is just reduced below the value required to main-
tain the oscillation of the triode 21, the adjusted value of
the reactance of the coil 2 will have been reduced below
the higher of the two control point values, whereby oscil-
lation of the triode 21 will be prevented during the second
half cycles of the supply voltage. Since under no condi-
tion can the triode 21 oscillate during the first half cycles,
oscillation of the triode 21 will be completely prevented,
whereby the conductivity of the triode 21 during its oper-
ative half cycles will be increased sufficiently to cause the
relay 20 to be actuated into the picked-up position.

Since it is assumed that the new position of the vane,
at which the coupling with respect to the triode 21 is
reduced below the minimum  oscillatory value, is not
effective to reduce the coupling with respect to the triode
15 sufficiently to interrupt -the oscillation thereof during
its operative half cycles, the relay 14 will remain in the
dropped-out position, whereby a second control effect will
be established, this effect being one in which the relay 14
is dropped-out and the relay 20 is-picked-up. This seccnd
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centrol effect is seen to be established when the adjusted
reactance value of the coil 2 is within the intermediate
or neutral zone, and hence is lower than the higher of
the two control point values but is still higher than the
lower of the two control point values.

Further movement of the vane 1 into the space between
the halves of the coil 2 will further reduce the adjusted
reactance value of the coil 2 and the coupling provided
by the circuit 5. Since the reactance of the coil 2 will
have already been reduced below the higher control point
value individual to the triode 21 and below which this
triode cannot oscillate, no further change in the operation
thereof will occur, and the relay 20 will remain in the
picked-up position. However, the vane 1 will eventually
reach a position where the coupling will be reduced below
the value necessary to maintain the triode 15 in oscillation.
In other words, the adjusted reactance value of the coil 2
will eventually be reduced below the lower control point
value, whereby the oscillation of the triode 15 will cease,
and its conductivity will be increased during its operative
half cycles. This will result in the actuation of the relay
14 into the picked-up position and the establishment of
a third control effect wherein both of the relays 14 and
20 are simultaneously maintained in the picked-up
_position.

The third control effect just described is seen to be
established when the adjusted reactance value of the coil
2 is made lower than the lower of the two control point
values alternately established by the means 11.

If the vane 1 is now moved in a direction away from
the coil 2 and out from between the halves thereof, the
triode 15 will go into oscillation and the relay 14 will
move to the dropped-out position as the adjusted reactance
value of the coil 2 is increased above the lower of the
two control point reactance values. This means that the
reactance of the coil 2 will have been increased sufficiently
to cause the circuit 5 to provide the required coupling for
oscillation of the triode 15 during the operative half
cycles therefor, in which the resistor 12 is not connected
in parallel with the coil 2.  Accordingly, the apparatus
will be actuated from the third control effect to the second
control effect by this withdrawal of the vane 1, since the
reactance of the coil 2 will not as yet have been increased
sufficiently to be above the higher of the two control point
values, and since the relay 20 will not, therefore, have
been caused to move to the dropped-out position. This
means that the reactance of the coil 2 will not have been
increased sufficiently to cause the circuit § to provide the
required coupling for oscillation of the triode 21 during
the operative half cycles therefor, in which the resistor 12
is connected across the coil 2.

As the vane 1 is further withdrawn from between the
halves of the coil 2, a point will subsequently be reached
at which the triode 21 will go into oscillation and the
relay 26 will move to the dropped-out position as the
adjusted reactance value of the coil 2 is increased above
the higher of the two control point reactance values. This
means that the reactance of the coil 2 will have been
increased sufficiently to cause the circuit 5 to provide the
required coupling for the oscillation of the triode .21
during the operative half cycles therefor, in which the
resistor 12 is connected across the coil 2.  Therefore, the
apparatus will be actuated from the second control effect
into the first control effect, since both of the relays 14
and 29 will now have moved to the dropped-out position.

Summarizing the foregoing, the circuit ‘5, which in-
cludes the coil 2, provides regenerative coupling which
causes or prevents oscillation of the oscillator circnit
in accordance with the deviation between the reactance
value to which the coil 2 is adjusted and a control point
value of the coil reactance, on one or the other side of
which value oscillation is respectively permitted and pre-
vented. The means 11, including the resistor 12 and
switch 13, are connected across the coil 2, and are adapted
to shift the reactance control point between predeter-
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14
mined first and second values alternately at the frequency
of the alternating supply voltage. The transformer 6
alternately -energizes the two portions 3 and 4 and their
triodes 18 and 21 so as to render solely the portion 3
responsive to the state of oscillation of the circuit when
the control point has the first of the two values, and so
as to render sclely the portion 4 responsive to the state
of oscillation of the circuit when the control point has
the second of the two values.

As a result, a first control effect is produced, by neither
of the relays 14 and 20 being in the picked-up position,
whenever the coil 2 has its reactance value adjusted by
the vane 1 to a value which is greater than the higher
of the two reactance control point values or which is
above the range embraced by the two control point values.
Further, a second control effect is produced, by the relay
20 but not the relay 14 being in the picked-up position,
whenever the coil 2 has its reaciance value adjusted by
the vane 1 to a value which lies within the range embraced
by the two centrol point values. Finally, a third control
effect is produced, by both of the relays 14 and 28 being
in the picked-up position, whenever the coil 2 has its
reactance value adjusted by the vane 1 to a value which
is less than the lower of the two confrol point values or
which is below said range.

It is apparent from the foregoing that the apparatus of
the present invention is operative to provide three-position
control by utilizing an oscillator arrangement which is
suitably actuated into and out of oscillation in such a
manner as to provide the three distinct control effects
required of a three-position type of control apparatus.

In order for the above described operation to take
place, it is apparent that the two tricdes and their cir-
cuits must be capable of going into and out of oscilla-
tion in rapid-alternation at the frequency of the supply
voltage. It is required that this condition be fulfilled
in order that each of the portions 3 and 4 will be respon-
sive solely to the difference between the adjusted react-
ance value of the coil 2 and the respective one of the two
control point reactance values established by the means
11. It is also required that the time constants of the
grid bias circuits formed by the resistors 42 and 43 and
the condensers 44 and 45 be sufficiently short, compared
to a half cycle of the supply voltage, in order that the bias
developed by one of the triodes 15 and 21 across its bias
resistor when the triode is oscillating will not affect the
conductivity of the other of the triodes.

As used herein, the term “control point” is seen to
designate the value of the reactance of the coil 2, or
the position of the vane 1 relative to the coil 2, above
and below which oscillation of one or the other of the
circuit portions 3 and 4 is respectively permitted and pre-
vented. Since each circuit portion has a corresponding
control point value which differs from that of the other
portion, due to the conjoint action of the means i1 and
the transformer 6, these control point values may prop-
erly be referred to as being alternately established elec-
trically by the apparatus. Therefore, this use of the
term “control point” differs somewhat from the use which
could be made of the term to designate a mechanical
adjustment made between the vane 1 and the actuated
member of a measuring device, or between the coil 2 and
a measuring device and vane, in crder to cause the ap-
paratus to pass from one of the control effects to another
at a desired, predetermined value of the conditicn meas-
ured by the measuring device. Means for providing con-
trol point setting adjustments of this type would be ad-
vantageously employed in a combination of the Fig. 1
apparatus with a measuring or responsive device for po-
sitioning the vane 1, and could take any of the numerous
forms known in the art.

As previously noted, the resistor 12 of the means 11
is advantageously made adjustable. This provides a
means for adjusting the width of the neutral zone be-
tween the two control point reactance values for the
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coil 2, or between the vane positions which -cause the
apparatus to be actuated from the first to the second con-
trel effect, and from the second to the third control effect,
respectively. Such an adjustment is possible since it is
the magnitude of the resistance of the resistor 12 which
determines the amount by which the reactance of the
coil 2 must be increased, when the resistor 12 is connected
across the coil 2, in order to maintain the same degree of
coupling as exists when the resistor 12 is not so connected.
Therefore, the difference between the two control point
reactance values of the coil 2 is a function of the resist-
ance of the resistor 12, whereby the latter can properly
be referred to as a neutral zone width adjusting resistor.

By way of illustration and example, and not -by way
of limitation, it is noted that a working model of the
Fig. 1 apparatus employed the following values for the
components of the apparatus:

Resistor 12.._ ohms 100
Resistor 42 K. ohms_.. 220
Resistor 43 _— do_ ... 220
Condenser 39 mmf 25
Condenser 31_____ mmf.._ " 10
Condenser 32__ . ______________ mmf._. 2200
Condenser 33 mmf__. 2200
Condenser 39_ mf. 10
Condenser 40___. mf 10
Condenser 44 mf 0.005
Condenser 45_ —mf__  0.005
Coil 2 ——— microhenries_.. 0.5-1.0
Coil 28_______ do.___ 2.0
Coil 29 do.___ 2.0
Coupling 28—29 do-___. —0.5
Relay winding 16__ . _____ . __________ ohms__ 5000
Relay winding 22 _________________ do..._ 5000
Trans. winding 9 _____________ volts—_ 220-0-220
Tube 15_ Y2 12AU7
Tube 21 2 12AU7
Choke coil 35 millihenries_ 1.5
Choke coil 37 ____ s o J 1.5
Supply voltage freq ~eCPS—— 60

To complete the description of the Fig. 1 apparatus,
it is noted that the resistor 12 can be replaced by a suit-
able inductor or capacitor without changing the mode or
principles of operation hereinbefore described, and that
the means 11 can be connected across circuit elements
other than the coil 2 without changing said operating
mode and principles. The criterion is that the means
11 must be connected across such an element that the
coupling provided by the circuit § will be alternately
shifted from one value to another, by the action of the
means 11, for any given position of the vane 1 and cor-
responding reactance value .of the coil 2.

The apparatus of Fig. 2

I have illustrated in Fig. 2 a portion of a modification
of the Fig. 1 apparatus wherein the resistor 12 and the
synchroncus switch 13 of the means 11 are replaced by
an electron tube circuit 49 which, in Fig. 2, constitutes
the means operative to shift the value of the regenerative
coupling provided by the circuit 5 alternately between
two predetermined values for any given position of the
vane I and corresponding -adjusted reactance value of
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the coil 2. Therefore, the circuit 49 is the means in .

the Fig. 2 arrangement which shifts the control point
reactance value of the coil 2 alternately between two
predetermined values.

To this end, the circuit 49 includes a triode electron
tube 88 which is connected in a suitable manner with
other components, to be described hereinafter, so as to
exhibit the known “Milier Effect.” As is well-known in
the art, the grid-cathode or input impedance of a tricde
having a Icad in the anode circuit is different from the
input impedance of the triode with zero anode circuit
load, this phenomenon being known as the Miller Effect.
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Tt is also well known that, if said anode circuit load is an
impedance having a reactive component, the input im-
pedance of the triode will have a resistive component.

This phenomenon or effect is utilized in the Fig. 2 ar-
rangement to supply an impedance which can be effec-
tively connected across and removed from the coil 2
alternately at ‘the frequency of the alternating supply
voltage. To this end, the circuit 49 includes the triode
59 which in turn includes the usual anode, control grid,
cathode, and cathode heater elements. The cathode
heater of the triode 50 is suitably energized by connec-
tion to the terminals 26 and 27 of the transformer wind-
ing 8. The circuit 49 also includes an anode circuit load
impedance for the triode 50 comprising condensers 51
and 52, a resistor 53, and an adjustable inductor 54.
One terminal of the condenser 51 is connected to the
anode cof the triode 50, and the other terminal of this
condenser is connected through the resistor 53 and a
conducter 55 to the transformer secondary winding ter-
minal 36. This terminal constitutes one of the anode
or output circuit energizing terminals for the triode 50.
The inductor 54 is connected in parallel with the con-
denser 51, and the condenser 52 is connected in parallel
with the resistor 53. The ancde circuit for the triode 50
is completed by a conductor 56 which connects the
cathcde of the triode 50 to the conductcr 38 which in
turn is connected to the center-tap connection 10 of the
transformer winding 9. This connection constitutes the
other energizing terminal for the anode circuit of the
triode 50.

The control grid of the triode 50 is connected by a
resistor 57 to the anode circuit conductor 35, and is
coupled to the right-hand end terminal of the coil 2, as
seen in the drawing, by a condenser 58 and a conductor
59. Since the other end terminal of the coil 2 is con-
nected to the cathode of the tricde 50 by the conductors
33 and 56, it is apparent that the input impedance of
the triode 50 is connected in parallel with the coil 2.

It is assumed herein that the remainder of the Fig. 2
apparatus is identical to the corresponding portions of
the Fig. 1 apparatus. Accordingly, the same components
appearing in each of Figs. 1 and 2 bear identical refer-
ence characters in each figure. This practice will also
be followed throughout the remainder of the description
of the present invention.

Operation of the Fig. 2 apparatus

Since the anode circvit of the tricde 50 is energized
with alternating current from the transformer winding
9 as shown, it is apparent that the triode 50 can be con-
ductive solely during the aforementioned second half
cycles of the supply voltage, during which the anode of
the triode 50 is rendered positive with respect to the
asscciated cathode. Accordingly, by virtue of the Miller
Effect, the input impedance of the triode 56 connected
across the coil 2 will have one value during the first
half cycles of the supply voltage, and will have a differ-
ent value during the second halves of the supply voltage
cycles. Therefore, in the same manner as in the Fig. 1
arrangement, the coil 2 will have a first control point
reactance value during said first half cycles, above and
below which the oscillation of the tricde 15 and the
circuit portion 3 will be respectively permitted and pre-
vented, and will have a second value of this control point
reactance during said second half cycles, above and be-
low which the oscillation of the triode 21 and the cir-
cuit portion 4 will be respectively permitted and pre-
vented. "The adjusted value of the inductor 54 will de-
termine ‘the amount that this reactance control point
value will be changed .during the alternate half cycles,
whereby the adjustable feature of the inductor 54 pro-
vides a means for adjusting the width of the neutral zone
in the Fig. 2 arrangement. The three control effects will
be produced in accordance with the vane position in the
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mantter described above in connection with the Fig. 1
apparatus.
The apparaii:s of Fig. 3

Fig. 3 illustrates a portion of a modification of the ar-
rangement of Fig. 2 wherein the output circuit condenser
52 and resistor 53 of Fig. 2 are transferred in Fig. 3 to
the cathode circuit of the tricde $8. Accordingly, the
anode circuit of the triode 58 of Fig. 3 includes only
the inductor 54 and the parallel-connected condenser
51 connected between the anode of the triode 50 and
the conductor 55, while the cathode circuit of the triode
50 includes the resistor 53 and parallel-connected con-
denser 52 connected between the cathede of the triode
59 and the conductor 56. The remaining connections of
the Fig. 3 apparatus, and the operation thereof, are sub-
stantially the same as those of the Fig. 2 apparatus as
described above.

The apparatus of Fig. 4

Fig. 4 illustrates a portion of another modification of
the apparatus of Fig. 1, wherein the resistor 12 and
- switch 13 of the means 11 are replaced by an adjustable
condenser 68 and a diode rectifier 1. The elements 69
and 61 are connected in series across the coil 2 and are
adapted to perform the same function, of shifting the
control point reactance value of the coil 2 between alter-
nate values in synchromism  with the alternating supply
voltage, as is performed by the elements 12 and 13 im
Fig. 1. To this end, the diode 61 is alternately energized:
and deenergized or keyed by a voltage which is in phase’
with the energizing voltage supplied to the triode 2% and:
circuit portion 4.

To this end, the transformer 6 of Fig. 1 is replaced in:
Fig. 4 by a transformer 6A. The latter has all of the same
windings and terminals of the transformer 6, but has in:
addition a secondary winding 8’ having terminals 26’ and
27'. The terminal 2§’ is rendered positive with respect:
to the terminal 27" during the first half cycles of the al-
ternating supply voltage of the conductors 46-and 47, while
the terminal 27’ is rendered positive with respect to the:
terminal 26’ during the second halves of the supply voltage:
cycles.

The junction between the rectifier 6% and the condenser:

60, which junction is connected to the positive terminal:
of the rectifier, is connected by a conductor 62 and- a re-
sistor 62’ to the terminal 27’ of the winding 8’. A con-

ductor 63 is connected between the terminal 26" of the.

winding 8" and the center-tap connection 16 of the wind-
ing 9. The negative terminal of the rectifier 61 is con-~
nected to the terminal 26’ of the winding 8’ by virtue of
its connection to the lefi-hand terminal of the coil 2,
which in turn is connected by the conductor 38 to the
center-tap connection 10. The remainder of the Fig. 4
apparatus is the same as shown in Fig. 1.

Operation of the Fig. 4 apparatus

In connection with the following description of the op-
eration of the Fig. 4 apparatus, it is noted that the rectifier
61 has the characteristic low forward resistance in the di-
rection of the arrow, and is conductive in this direction
when the positive rectifier terminal is rendered positive
with respect to the negative terminal by the voltage from
the transformer winding 8’.  Further, the rectifier 61 ex-
hibits the characteristic high reverse resistance in-the di-
rection opposite to that of the arrow, whereby there is
no significant current conducted by the rectifier when the
negative terminal thereof is rendered positive with re-
spect to the positive terminal. Finally, the terminal 26’ of
the winding 8’ is positive with respect to the terminal 27"
during the first half cycles of the supply voltage in which
the terminal 34 is positive with respect to the connection
10 as previously noted.
relationships are shown by the plus signs adjacent the
transformer windings in Fig. 4.

_With reference to the. foregoing assumptions, during
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the first half cycles of the supply voltage, the rectifier 61
will be inoperative, and the high reverse resistance thereof
will be applied in series with the condenser 60 across the
coil 2.  The loading effect of the elements 6¢ and 61
across the coil 2 will be negligible at this tirie, and the
oscillatory condition of the triode 15 and circuit portion
3 will be dependent upon the deviation between the ad-
justed reactance value of the coil 2 and a first control point
value of this reactance.

During the second half cycles of the supply voltage, at
which time the terminal 27’ of the winding 8’ is rendered
positive with respect to the terminal 26’, the rectifier 61
will be conductive, whereby the low, forward resistance of
the rectifier and the condenser 66 will be effectively con-
nected in series across coil 2. - The resulting loading effect
will require the coil 2 to have a greater reactance value in
order that the circuit 5 can produce sufficient coupling to

" produce oscillation, whereby a second, higher control point
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value of reactance for the coil 2 will be established at the
times in which the triode 21 and circuit portion 4 are
operatively energized.

It will be evident from the foregoing that the keyed
operation of the rectifier 61 is substantially the same as
the operation of the synchronous switch 13 in the Fig. 1
apparatus. Hence, it can be seen that the circuit 11 of
Fig. 4 constitutes means operative to shift the control point
reactance value of the coil 2 between two predetermined
values alternately at the supply voltage frequency and in
synchronism with the alternate operative energization of
the circuit portions 3 and 4 and. their triodes 15 and 21.
By adjusting the capacitance value of the condenser 60,
the width of the neutral zone of the Fig. 4 apparatus can’
be adjusted in a manner analogous to that in which the
neutral zone width is adjusted in the Fig. 1 apparatus by
the adjustment of the resistance of the resistor 12.

By way of illustration and example, it is noted that, in a
working model of the apparatus of Fig. 4, the rectifier 61
was. a crystal diode of the 1N34 type, the condenser 69
had an adjustable capacity of from four to twelve mmf.,
and the resistor 62’ had a resistance of 10K ohms. The
values for the remainder of the components of the Fig. 4
apparatus model were the same.as those listed hereinbe-
fore in connection with the Fig. 1 apparatus.

The apparatus of Fig. 5

The apparatus illustrated in Fig. 5 is a modification of
a portion of the Fig. 4 apparatus wherein the rectifier 61
is shown as being a tricde electron tube connected as a
keyed diode. To this end, the means L1 of Fig. 5 include
a triode electron tube 64 having the usual anode, control
grid, cathode, and cathode heater elements. The cathode
heater of the triode 64 is connected for energization by
the transformer winding 8 in the conventional manner.
The anode of the triode 64 is directly connected to the
control grid thereof for diode operation, and is connected
through a radio frequency choke coil 65 and a conductor
66 to the terminal 36 of the transformer winding 9. The.
cathode of the triode 64 is connected through a resistor
67 and a conductor 68 to the end of the coil 2 which is
connected to the conductor 38. Accordingly, the cathode
of the triode 64 is connected to the center-tap connection
i of the winding 9 by the conductor 38. A bypass con-
denser 69 is connected in parallel with the resistor 67. The
connections are completed by the connection of the con-
denser 69 between the remaining, right-hand end of the
coil 2 and the anode and control grid of the triode 64.

It can readily be seen from the foregoing that the diode~
connected triode rectifier 64 and the condenser 60 are
cennected. in- series across the coil 2 in the same manner
as the condenser 69 and rectifier 61 are so connected in
the arrangement of Fig. 4. In Fig. 5, the keying voltage
for the rectifier is taken from across the lower half of
the transformer winding 9 instead of from across a wind-
ing 8’ as is done in Fig. 4. Aside from the use of the
transformer 6 in lieu of the transformer 6A of Fig. 4;
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the remainder of the apparatus of Fig. 5 is identical to
the corresponding portions of the apparatus illustrated
in Fig. 4. Accordingly, the operation of the Fig. 5 ap-
paratus is substantially identical to the operation of the
Fig. 4 apparatus described above.

The apparatus of Fig. 6

In Fig. 6 there is illustrated a portion of a modification
of the Fig. 5 apparatus wherein the keyed electron tube 64
is connected as a triode, rather than as a diode. To this
end, the anode of the triode 64 in Fig. 6 is connected
through a plate load resistor 78 and the choke coil 65 and
conductor 66 to the transformer winding terminal 36,
while the control grid of the triode 64 is connected by a
conductor 71 to the terminal 27 of the transformer wind-
ing 8. As shown, the terminals 36 and 27 are simultane-
ously rendered positive with respect ot the center-tap con-
nection 10 during the second half cycles of the supply
voltage as in the previous arrangements. An adjustable
condenser 72 is connected in parallel with the resistor 70,
and the cathode of the triode 64 is directly connected to
the left-hand end of the coil 2 by the conductor 68. A
condenser 73 connects the junction between the resistor
70 and the choke coil 65 to the right-hand end of the
coil 2. The terminals 26 and i0 are joined by a con-
ductor 73’. The remainder of the Fig. 6 apparatus is
the same as that of Fig. 5.

Operation of the Fig. 6 apparatus

Since the anode-cathode circuit of the triode 64 is ef-
fectively connected in series with the condenser 73 and the
parallel-connected resistor 70 and condenser 72 across the
coil 2, the operation of the Fig. 6 arrangement is substan-
tially identical to the operation of the apparatus shown in
Fig. 5. In Fig. 6, the conductivity of the triode 64 is pre-
vented during the first half cycles of the supply voltage
by the connection of the tricde control grid to the then
negative terminal 27 cf the winding 8, and by the con-
nection of the triode anode to the then negative terminal
36. During the second half cycles, the triode 64 is ren-
dered conductive, and the forward resistance thereof ap-
pears across the coil 2 in series with the parallel-connected
elements 70 and 72 and the condenser 73. As before,
this condition shifts the control point reactance value of
the coil 2 to a new value during the second half cycles
of the supply voltage. Adjustment of the capacity of
the condenser 72 adjusts the width of the neutral range
obtained with the Fig. 6 apparatus.

The apparatus of Fig. 7

There is shown in Fig. 7 a portion of another modifi-
cation of the apparatus of Fig. 4 wherein there are in-
cluded means, including a rectifier 74, which are oper-
ative, when the apparatus establishes the second control
effect, to assurc that the oscillation of the triode 15
during the first halves of the supply voltage cycles will
not interfere with or disturb the high conductivity of the
triode 21 during the second half cycles. As shown in
Fig. 7, the grid bias components 42 and 44 for the triode
15 are connected to the conductor 38 as before, but
the grid bias components 43 and 45 for the triode 21 are
not so connected. Instead, the last mentioned com-
ponents are connected by a resistor 75 and a conductor
76 to the terminal 27’ of the secondary winding 8’ of
the transformer 6A. The terminal 26’ of the winding
8’ is rendered positive with respect to the terminal 27’
throughout the first half cycles of the alternating sup-
ply voltage, while the terminal 27’ is rendered positive
with respect to the terminal 26’ throughout the second
half cycles of the supply voltage, as previously ex-
plained. The terminal 26’ is connected to the center-
tap connection 10 of the winding 9 by a conductor 78.

The rectifier 74-is connected between the conductor
38 and the junction between the resistor 43, the con-
denser 45, and the resistor 75. As shown, the polarity
of the rectifier is such that the latter is adapted to be
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conductive in the direction of the arrow for current flow
toward the conductor 38 away from the last mentioned
junction. The remainder of the apparatus of Fig. 7 is
seen to be identical to the corresponding portions of
Fig. 4 apparatus.

Although the interaction prevention feature of Fig. 7
has been shown combined with apparatus of the type
shown in Fig. 4, it should be understood that this fea-
ture is equally applicable to the other forms of the in-
vention illustrated herein where different means for al-
ternately shifting the control point reactance value of
the coil 2 are utilized.

Operation of the Fig. 7 apparatus

The basic operation of the Fig. 7 apparatus is iden-
tical with that described in connection with the Fig. 4
apparatus. That is, when the adjusted reactance value
of the coil 2 is higher than the high control point re-
actance value associated with the triode 21, each of the
triodes 15 and 21 will oscillate during its operative half
cycles, and neither of the relays 14 and 20 will be in
the picked-up position. Therefore, the aforementioned
first control effect will exist. Further, movement of the
vane 1 to a position wherein the adjusted reactance
value of the coil 2 is made to lie between said high con-
trol point reactance value and the low control point re-
actance value associated with the triode 15 will still
permit the triode 15 to oscillate during its operative half
cycles, but will prevent oscillation of the triode 21 at all
times. As previously explained, this causes the relay 20
to be adjusted to the pick-up position while the relay
14 remains in the dropped-out position, whereby the
aforementioned second control effect is established.
The third control effect is established as before when
the ‘adjusted reactance value of the coil 2 is made lower
than the lower control point value for this reactance
and oscillation of the triode 15 is prevented at all times.

In the absence of the rectifier 74 and the resistor 75
and connection 76, it can sometimes occur under cer-
tain conditions that the conductivity of the triode 21
and the operative energization of the relay 29 are inter-
fered with by the oscillation of the triode 15 when the
second control effect is produced. Specifically, under
certain conditions, it has been found that the oscillation
of the triode 15 during the first half cycles will affect
the conductivity of the triode 21 during the second half
cycles in which the triode is rendered conductive but
non-oscillating.

- This interaction can be traced to the fact that the
triode 15, when oscillating, sometimes tends to place
a charge on the grid condenser 45 of the triode 21 which
renders the control grid of the triode 21 negative with
respect to the associated cathode. Moreover, this
charge may persist during the second half cycles, which
are the operative half cycles for the triode 21, where-
by the conductivity of the triode 21 may be sufficiently
limited to prevent the required operative energization of
the relay 20, even though the triode 21 itself is not
oscillating. This obviously results in the failure of the
triode 21 to maintain the relay 20 in the picked-up posi-
tion when it should be, and causes the apparatus to be
improperly actuated from the second control effect back
to the first contro] effect.

. It is to prevent such interaction that the elements and
connections 74 through 76 and 78 are included in the
Fig. 7 apparatus. Thus, the connection of the resistor 43
and condenser 45 of the triode 21 to the terminal 27,
which is negative with respect to the conductor 38 dur-
ing the operative half cycles for the triode 15, prevents
the oscillation of the triode 15 from placing a negative
charge on the condenser 45, a negative charge being one
which would adversely limit the conductivity of the
tricde 21 during the alternate, operative half cycles for
the triode 21. Accordingly, the triode 15, while oscil-
lating, is prevented from charging the grid condenser 45
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of the triode 21 in a manner which. would affect the de-
sired picked-up position of the relay 29.

During. the second half cycles, which are the operative
half cycles for the triode 21, the terminal 27’ is rendered
positive with respect to the conductor 38. This causes
current to flow through the conductor 76, the resistor
75,.and the rectifier 74 in the conductive direction of the
latter, whereby the rectifier 74 essentially connects the
resistor 43 and condenser 45 directly to the conductor
38 as.is done in the previously described arrangements.
Therefore, the operation of the tricde 21 and the circuit
portion 4 is not significantly affected during the oper-
ative half cycles of the triode 21, but. is positively pre-
vented from being adversely affected during these. oper-
ative half cycles by the oscillation of the triode 15 during
the operative half cycles of the latter.

The apparatus of Fig. 8

In Fig. 8 I have illustrated another embodiment of the
present invention wherein a single triode electron tube and
a pair of diode rectifiers are utilized in lieu of the two
triodes employed in the Figure 1 apparatus. Aside from
this difference, the Fig. 8 apparatus is quite similar
to that of Fig. 1 and, insofar as the operation of the
relays 14 and 20 in response to the position of the vane
1 is concerned, there is no difference between the opera-
tion of the arrangements of Figs. 1 and 8.

As shown in Fig. 8, the apparatus thereof includes
the regenerative coupling circuit 5, the means 11 includ-
ing the resistor 12 and the synchronous switch 13, the
relays 14 and 20, and the transformer 6, all as in Fig. 1.
Additionally, the Fig. 8 arrangement includes a first por-
tion 79, a second portion 80, and. a triode electron. tube
81. 'The latter has the usual anode, control grid, cathode,
and cathode heater elements, the cathode heater being
operatively energized by the transformer winding 8 in the
same manner as in the Fig. 1 arrangement.

The circuit portion 5 and the triode 81 constitute a
vane-controlled oscillator combination which is substan-
tially identical to. either of the combinations of Fig. 1
formed by the circuit 5§ and one of the triodes 15 and 21.
The oscillator arrangement so formed in Fig. 8 is com-
mon to the two circuit portions 79 and 88, each of which
is seen to constitute a separately energized load or out-
put circuit for the oscillator. To this end, the portion
79 includes a connection from the transformer winding
terminal 34 through the winding 16 of the relay 14, a
diode rectifier 82, and a radio frequency choke coil 83
to the anode of the triode 81. Similarly, the portion. 89
includes a connection from the transformer winding
terminal 36 through the winding 22 of the relay 29, a
diode rectifier 84, and the choke coil 83 to the anode of
the triode 81. The output circuits 79 and 89 are com-
pleted by the connection of the cathode of the triode 81
through the coils 2% and 2 of the circuit 8§ and through
the grounded conductor 38 to the ceater-tap connection
10-of the transformer winding 9. The condensers 3% and
40 are connected across the respective relay windings 16
and 22 as in the Fig. 1 arrangement.

As noted above, the circuit 5 is connected to and co-
operates with the triode 81 in substantially the same
manner as the circuit 5 is connected to and cooperates
with either of the triodes 15 and 21 in. the Fig. 1 ap-
paratus. Specifically, the anode of the triode 81 is con-
nected by a coupling condenser. 85 to one end terminal
of the oscillator output coil 28, the other terminal of
which is connected through the coil 2, the conductor 38,
and a grid bias resistor 86 to the control grid of the triode
81. A grid bypass condenser 87 is connected in parallel
with: the resistor 86. The cathode of the triode 81 is con-
nected through the oscillator input coil 29 and the coil
2 to the conductor 38 as hereinbefore noted. The tuning
condensers 3§ and 31 are connected across the coils 28
and 2, and 29 and 2, in_the same manner as.in Fig. 1.
Also as in Fig. 1, the resistor 12 and switch 13 of the
means 11 are connected in series. across .the coil: 2.
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As shown,. the: positive terminal of the rectifier 82 is
the terminal thereof which is connected:to the transformer
winding terminal 34, while it is the positive terminal .
of the rectifier 84 which is connected to the transformer
winding terminal 36. Therefore, the first half cycles of
the supply voltage, throughout which the terminal 34
is positive with respect to the connection 16, are the
operative half cycles for the portion 79, while the second
half cycles, throughout which the terminal 36 is positive
with respect to the connection 10, are the operative half
cycles for the portion 80. No current can flow through
the porticn 79 during the second half cycles, since the
terminal 34 is then negative with respect to the connec-
tion 10, and the rectifier 82 prevents significant current
flow from being produced by the positive relationship
between the terminal 36 and the connection 10. In the
same manner, the portion 88 cannot conduct any signifi-
cant current during the first half cycles, since the termi-
nal 36 is. negative with respect to the connection 10 at
those: times, and the rectifier 84 prevents the positive
relationship between the terminal 34 and the connection
18 from producing any significant current flow through
the portion 8¢.. It is assumed, as it was in connection
with the Fig. 1 arrangement, that the transformer primary
winding 7 is supplied with alternating current at a fre-
quency of sixty cycles per second from the conductors
46 and 47. It is also assumed that the contacts of the
switch 13. are open throughout the first half cycles of the
alternating supply voltage, and are closed. throughout the
second half cycles thereof.

Operation of the Fig. 8 apparatus

During the first halves of the supply voltage cycles,
throughout which the terminal 34 is positive with respect
to the connection. 18, the contacts of the switch 13 are
open, whereby the triode 81 and associated components
are caused to oscillate or are prevented from oscillating
depending upon the relationship between the adjusted re-
actance value of the coil 2 and the low contro] point re-
actance value for the coil which is established when the
aforementioned contacts are open. Since solely the
circuit' portion 79, but not the circuit portion &8, can
conduct current during the first half cycles, the state of
oscillation of the triocde 81 controls the operative energiza-
tion of sclely the relay 14, whereby the latter is actuated
into the picked-up position whenever the triode 81 does
not oscillate during the first half cycles, and is main-
tained in the dropped-out position when the triode 81 is
caused to oscillate during the first half cycles. From this
it can be seen that the operation of the relay 14 is con-
trolled solely with reference to the low control point re-
actance value, this value resulting from the fact that a
low. adjusted reactance value. for the coil 2 is sufficient
to produce oscillation of the apparatus when the contacts
of the switch 13 are open.

During the second halves of the supply voltage cycles,
the contacts of the switch 13 are clossd, whereby a higher
value of the adjusted reactance of the coil 2 is required
to cause osciliation of the apparatus. Since solely the
circuit portion 8@, but not the circuit portion 79, can
conduct. current during these second half cycles, the
operation of the relay 26 is under the control of the oscil-
latory state of the triode 8% solely with reference to the
higher control point reactance value. Therefore, the
relay 26 will be maintained in the dropped-out position
when the triode 81 is caused to oscillate during said
second half cycles, and will be operatively energized and
actuated into the picked-up position whenever the triode
81 is prevented from oscillating during the second half
cycles.

With the foregoing relationships in mind, it can be seen
that the triode 81 will oscillate during both the first and
second half cycles, and both of the relays 34 and 20 will
be maintained in the dropped-out position, whenever the
vane 1 is sufficiently out from within the halves of the
coil 2 so-as to cause the adjusted reactance value of the
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coil 2 to be higher than the higher of the two control
point reactance values. In accordance with the previ-
ous description, the first control effect is thereby estab-
lished in the apparatus.

When the vane 1 is moved to a position in which the
adjusted reactance value of the coil 2 is reduced below
the higher control point value, but is maintained higher
than the lower control point value, the triode 81 will
oscillate only during the first half cycles, and will be
prevented from oscillating during the second half cycles,
whereby the relay 20 will be actuated into the picked-up
position. Thus, the relay 20 is controlled solely with ref-
erence to the higher of the two control point values es-
tablished by the means 11. Since the relay 14 will re-
main in the dropped-out position because of the con-
tinued oscillation of the triode 81 during the first half
cycles, the second control effect will be established by
the apparatus.

Further movement of the vane 1 to a position which
reduces the adjusted reactance value of the coil 2 to below
the lower control point value, which is individual to the
circuit portion 79, will cause the triode 81 to be pre-
vented from oscillating during the first half cycles, as well
as during the second half cycles. Accordingly, the relay
14 will be actuated into the picked-up position, and the
third control effect will be established.

It is apparent from the above that the response of the
relays 14 and 20 to the deviation between the adjusted
reactance value of the coil 2 and solely a corresponding
one of the two control points values established by the
means 11 is the same as the response of the relays 14
and 20 in the other forms of the present invention treated
hereinbefore. In the Fig. 8 apparatus, however, the recti-
fiers 82 and 84 cooperate with the transformer 6 as means
operative to cause the alternate energization of the two
circuit portions 79 and 89, and hence to cause each of
these circunit portions to be responsive to the state of
oscillation of the triode 81 solely when the corresponding
control point reactance value is in effect. As is the case
with the other forms of the present invention previously
described, the condensers 39 and 40 cooperate with the
associated relay windings 16 and 22 to prevent a relay
which is operatively energized during the operative half
cycles of its circuit portion from being actuated into the
dropped-out position during the alternate, inoperative
half cycles.

The apparatus of Fig. 9

I have illustrated in Fig. 9 a portion of a modification
of the Fig. 8 apparatus wherein the transformer 6 of Fig.
8 is replaced by a transformer 6B, and wherein diode
rectifiers 88 and 89 are included. The transformer 63
includes the same primary winding 7 and secondary wind-
ing 8 included in the transformer 6, but has an untapped
secondary winding 9’ in lieu of the winding 9 of the trans-
former 6. The winding 9’ has terminals 34’ and 36" be-
tween which the developed voltage is assumed to be
the same as that produced between the terminal 34 and the
connection 10 of the transformer 6 when the transformers
6 and 6B are energized with the same primary winding
voltage. It is also assumed that the terminal 34’ is
positive with respect to the terminal 36’ during the first
halves of the supply voltage cycles, and that the terminal
36’ is positive with respect to the terminal 34’ during the
second halves of the supply voltage cycles.

The aforementioned rectifiers 88 and 89 have their posi-
tive terminals connected together at a junction $9, and the
grounded conductor 38 is connected to this junction. This
connection is analogous to the connection of the conduc-
tor 38 to the center-tap connection 19 in the previously
described forms of the present invention. The negative
terminal of the rectifier 88 is connected to the secondary
winding terminal 34’, and the negative terminal of the
rectifier 89 is connected to the secondary winding ter-
minal 36". The conductive directions of the rectifiers 28
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and 89 are shown by the directions of the arrows in the
usual manner. .

The connections just described provide a positive ener-
gizing voltage between the terminal 34’ and the junction
99 during the first half cycles of the supply voltage, and
provide a positive energizing voltage between the terminal
36’ and the junction 90 during the second half cycles
of the supply voltage. During each half cycle, the volt-
age developed across the entire winding 9’ is utilized,
whereby more efficient operation is obtained than that
provided with the arrangements previously described
wherein only one half of the winding 9 provides useful
energizing voltage during any given half cycle. Since
the remainder of the apparatus partly shown in Fig. 9
is identical to the corresponding apparatus of Fig. 8,
the operation of the Fig. 9 arrangement is the same as
that described above in connection with Fig. 8.

Although the Fig. 9 modification has been illustrated in
connection with the Fig. 8 arrangement, it is to be under-
stood that the transformer 6B and the rectifiers 88 and 89
can be employed in the other embodiments of the present
invention, disclosed herein, in the same manner as these
elements are utilized in the arrangement of Fig. 9.

The apparatus of Fig. 10

In Fig. 10 there is illustrated a preferred form of the
present invention which includes two triode electron tubes,
each of which is connected in a separate portion of an
oscillator circuit. The Fig. 10 apparatus also includes a
means for separately controlling the oscillation of each
of the circuit portions which differs from the means em-
ployed in the various forms of the present invention de-
scribed up to this point. Briefly, the Fig. 10 apparatus in-
cludes means operative to establish two different control
point reactance values for the coil 2 by providing an
alternately different amount of regenerative coupling
for each of the two tricdes and their circuit portions as
the circuit portions are alternately energized and de-
energized.

Fig. 10 therefore includes a first triode electron tube
91, a second triode electren tube 92, and a common, re-
generative coupling circuit 5" for the two triodes. Each of
the triodes 91 and 92 includes the usual anode, control
grid, cathode, and cathode heater elements. The cathode
heater of each of the triodes is connected to the trans-
former winding 8 for energization therefrom in the usual
manner.

Also included are the relays 14 and 20, and the ener-
gizing and energization controlling means of Fig, 9, in-
cluding the transformer 6B and the rectifiers 88 and 89.
The relay 14 is associated with the triode 91 in a first
circuit portion 93 which is effectively energized from the
terminal 34’ and the junction 99 and hence has the first
half cycles of the supply voltage for its operative half
cycles. Similarly, the relay 20 is associated with and
controlled by the triode 92, these elements being included
in a second circuit portion 94 which is effectively ener-
gized from the terminal 36’ and the junction 99 and hence
has the second half cycles of the supply voltage as its
operative half cycles. Therefore, the triodes 91 and 92
and the associated portions 93 and 94 are alternately
energized in the same basic manner as the triodes 15
and 21 and their circuit portions 3 and 4 are alternately
energized in the apparatus of Fig. 1. It is assumed that
the conductors 46 and 47 supply alternating current at
a frequency of 60 cycles per second to the winding 7 as
in the previously described arrangements.

The coupling circuit 5° of Fig. 10 is substantially the
same as the circuit 5 of Fig. 1, but has its components ar-
ranged in a slightly different manner. However, the cou-
pling circuit 5’ is common to the triodes 91 and 92, and
hence to the circuit portions 93 and 94, as was the case
for the circuit 5 and the triodes 15 and 21 and circuit
portions 3 and 4 of the Fig. 1 arrangement. It can be
seen_from Fig, 10 that the circuit §' is series-fed with
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féspect: to- the triode 91 .and: is: shunt-fed with: respect:to
the. triode- 92, whereas both of the oscillator circuit por-
tions: of Fig. 1 are of the. shunt-fed type. However,
whether the apparatus of Fig. 10, or that of Fig. 1, is
seriessfed- or shunt-fed is immaterial for the purposes. of
the present invention. :

To.achieve the foregoing relationships, the terminal 34’
is connected by the winding: 16. of .the. relay 14 and a
conductor 95.to a. junction 96 in the circuit portion: 5’
The oscillator output coil 28 is connected from ‘the junc-
tion 96 to the. anode of the triode 9%, and the cathode
of the. latter is connected by the. oscillator input: ceil 29
and the conductor 38 to. the junction 99, which is-the
negative supply or energizing voltage terminal of the ap-
paratus. The circuit 5 is thus series-fed in the portion
of the arrangement including the triode $1, the circuit
93, and the circuit 5.

In.addition, the terminal 36’ is connected by the wind-
ing 22 of the relay 20, a conductor 97, and the choke coil
37 to-the anode of the triode 92, while-this anode is con-
nected. by a coupling condenser 98 to the anode of the
triode 91 and thence to the coil 28: The cathode of the
triode 92 is connected by the coil 29 of the circuit 5’ and
the conductor 38 to the junction 98. Accordingly, the
circuit 5’ is:shunt-fed in the portion of the apparatus in-
cluding the triode 92, the circuit 94, and the circuit 5.

The junction between the coil 29 and the conductor 38
has been designated as 29, and is connected. to the junc-
tion 96 by a bypass condenser 169. The junction 99 is
also connected through the coil 1 and a grid bias resistor
101 to a junction 192, from where. a conductor 103 is
connected. to the control grid of the triode 91. A grid
bypass condenser 104 is connected in parallel with the re-
sistor 101.. In the same manner as for the grid bias-ele-
ments of the previously described arrangements, the time
constant for the combination of the bias resistor 181 and
the. condenser 104 must be small compared to-a half cycle
of the supply. voltage in order to prevent the oscillation
of one of the triodes 91 and 92 from affecting the oper-
ation of the other of the triodes.

The tuning condenser 39 is connected between the anode
terminal of the coil 28 and the junction 102, while the
tuning condenser 31 is connected between the junction
102 and the cathode terminal of the coil 29. These con-
nections complete the circuit portion 5’

An adjustable inductor or coil 165 is connected between
the control grid of the tricde 91 and the control. grid of
the triode 92. The latter control grid is connected.by a
condenser 106 to the conductor 38 which in turn is con-
nected to ground by a. bypass condenser 107. The in-
ductor 105 and the condenser I06 cooperate with. the
elements of the. circuit 5’ to provide two points of dif-
ferent coupling intensity in the apparatus as will be sub-
sequently described.

For added clarity, the load or output circuit of the
triode 91 can be traced from the terminal 34’ and through
the winding 16, conductor $5, and coil 28 to the anode of
the triode 91, and from the cathode thereof through the
coil 29 ‘and the conductor 38 to the junction 99. Sim-
ilarly, the load circuit for the tricde 92  can be traced
from the terminal 36’ and. through the winding 22, con-
ductor 97, and choke coil 37 to the anode of the iriode
92, and from the cathode thereof through the coil 29 and
the conductor 38 to the junction 90.

The oscillator output or anode-control grid circuit for
the triode 91 can be traced from the anode: of the triode
91 through the coil 28, the condenser 169, the coil 2, the
parallel-connected resistor 101 and condenser 104, and
the conductor 103 to the control grid of the triode 91. In
a similar manner, the oscillator output circuit of the- tri-
ode 92 can be traced from the anode thereof through the
condenser 98, the coil 28, the condenser 100; the coil 2,
the parallel connected resistor 101 and condenser 134, the
conductor 103, and the inductor 105 to the control grid
of the triode 92.

Finally, the oscillator input or control grid-cathode
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circuit: for ‘the triode 91 can be traced from the control
grid thereof through: the conductor 103, the parallel-
connected resistor 101 and condenser 104, the coil 2, and
the coil 29 to-the cathode of the triede 91, while the os-
cillator input:circuit of the triode 92 can be traced from
the: control: grid thereof through the inductor 105 to the
control grid of the triode 91 and thence to:the cathode: of
the triode 92 by-the same path just outlined.

1t should be apparent from the circuits just traced that
each of the combinations of the circuit 5’ and the corre-
sponding one of the triodes 91 and 92 constitutes a vane-
controlled. oscillator arrangement of the general type
utilized in the foregoing embodiments of the present in-
vention and presented in the aforementioned Moore pat-
ent. Thus, if the elements 105 and 106 are momentarily
disregarded and it is assumed that the control grid of
the triode 92 is directly: connected to- the conductor 103
and thence to:the junction 102 in the circuit §’, the oper-
ation of the Fig. 10 apparatus can be said to be substan-
tially identical of the. operation of the Fig. 1 apparatus
when the effect of the resistor 12 and switch 13 is dis-
regarded. Consequently, if the control grid of the triode
92 were directly. connected. to-the control grid of the tri-
ode 91, there would be but a single control point reactance
for the coil 2 which would correspond to a single min-
imum value of coupling to cause oscillation of the two
oscillator portions. including the triodes 91 and 92. There
would then be but one control point position for the vane
1 relative. to the coil 2, and vane positions on either side
of this control. point position would respectively cause the
oscillation of both of the triodes or the oscillation of
neither of the triodes depending upon which side of the
control point. position the vane was on. This in turn
would enable the apparatus to produce but two control
effects, one with both of the relays in the dropped-out
position, as.shown in Fig. 10, and the other with both
of the relays in the picked-up position.

‘However, as previously mentioned, the inductor 105
and condenser 106 cooperate with the circuit portion 5,
the triodes 91 and 92, and the remainder of the apparatus
to establish two different control point reactance values
alternately and in synchronism with the alternate ener-
gization of the circuit portions 93 and 94. The manner
in which the inductor 105 and condenser 106 cooperate
with the other elements of the apparatus to perform this
function by establishing a different coupling value for
each of the triodes 91 and 92 for any given position of
the vane 1 can be seen better with reference to Fig. 11,
wherein a portion of the Fig. 10 apparatus circuit has been
redrawn so as to illustrate more clearly the specific rela-
tionships between the elements 105 and 106 and the ele-
ments of the circuit portion 5'.

From Fig. 11 it can readily be seen that the inductor
105 and the condenser 106 are connected in series be-
tween the junctions 99 and 102 of the circuit portion 5.
In other words, the inductor 165 and condenser 166 are
connected in series across the series combination of the
coil 2 and the resistor 101 with its parallel connected
condenser 104. Therefore, since the magnitude of the
regenerative coupling produced by the circuit 5" is essen-
tially a function of the magnitude of the reactance. be-
tween the junction 99 and the control grids of the triodes
91 and 92, it will be seen that, for any given position
of the vane 1 and any given value for the inductor 165,
the junction 102 will represent one value of regenerative
coupling with respect to the junction 99, while the. junc-
tion 109 between the inductor 105 and the condenser
186 will represent a different value of regenerative cou-
pling with respect to the junction 99. In other words,
for any given set of adjustments, a different amount of
coupling will: be obtained by the connection of a control
grid of one of the triodes to the terminal 102 than will
be obtained by such connection to the terminal 109.
However, the control grid of the triode 91 is permanently
connected directly to the junction 102 by the conductor
103, while-the control grid-of the triode 92 is permanently
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¢onnected by a conductor 108 to the jinction 109, Ac-
cordingly, the state of oscillation of the triode 91 is con-
trolled solely in accordance with the degree of regenera-
tive coupling obtained from the junction 102, while the
state of oscillation of the triode 92 is controlled solely
in accordance with the degree of coupling fobtained from
the junction 109. )

The significance of the above is believed to be obvious,
It is thus seen that the triode 91 will be caused to oscil-
late or will be prevented from oscillating at any given
time during its operative half cycles, which are the first
half cycles of the supply voltage, depending upon whether
or not there is sufficient regenerative coupling provided
by the circuit 5’ at the junction 102 at that time. Simi-
larly, the triode 92 will be caused to oscillate or will be
prevented from oscillating at any given time during its
operative half cycles, which are the second halves of the
supply voltage cycles, depending upon whether or not
the circuit 5’ provides sufficient regenerative coupling at
the junction 109 at that time. For purposes of illustra-
tion, it will be assumed throughout the remainder of the
description that the values of the various components
are so related that a given position of the vane 1 between
the halves of the coil 2 produces a higher value of regen-
erative coupling at the junction 109 than is provided at
the junction 102.

By providing points of different coupling 162 and 199
individually associated with the triodes 91 and 92 and
their associated circuit portions 93 and 24, two different
control point reactance values for the coil 2 are estab-
lished in the apparatus, each of which values is individual
to a respective one of the tricdes 91 and 92. Hence, it
can be seen that the apparatus of Fig. 10 includes means
which perform a function which is basically the same
as that performed by the means 11 in the forms of the
present invention already described. With. reference to
Figs. 10 and 11, the control point reactance value in-
dividual to the triode 91 is that value of the reactance
of the coil 2 which will produce just enough regenerative
coupling at the junction 102 to cause the triode 91 to
oscillate during the first half cycles of the supply volt-
age. Similarly, the control point reactance value for the
triode 92 is that value of the reactance of the coil 2
which causes just emough regenerative coupling to be
obtained from the junction 109 to cause oscillation to the
tricde 92 during the second halves of the supply voltage
cycles. Since the circuit portion 93 is operatively ener-
gized only during said first half cycles, while the circuit
portion 94 is operatively energized only during said
second half cycles, the relay 14 will be controlled solely
in accordance with the state of oscillation of the triode
91 which in turn will be determined by whether the ad-
justed reactance value of the coil 2 is above or below
the corresponding control point value as defined above,
while the relay 26 will be controlled solely in accordance
with the state of oscillation of the triode 92 which in
turn will be determined by whether the adjusted reactance
value of the coil 2 is above or below the control point
value individual to the triode 92, Taking into account
the foregoing assumption as to the relative values of the
components of the circuit, it will be seen that movement
of the vane 1 toward the coil 2 will progressively reduce
the adjusted reactance value of the latter, and hence will
first cause the triode 91 to stop oscillating and to actuate
the relay 14 into the picked-up position, whereafter the
continued reduction of the adjusted reactance value of
the coil 2 will subsequently stop the oscillation of the
tricde 92 and will cause the relay 20 to be actuated
into the picked-up position.

The diagrams of Figs. 12 and 13

In Figs. 12 and 13, I have shown diagrams' relating
to the several control effects which the apparatus of Fig.
10 is operative to produce in the presence of various ad-
justed reactance values of the coil 2 corresponding to
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various positions of the vane 1.” Fig. 12 illustrates an
advantageous manner of interconnecting the contacts of
the relays 14 and 20 so that each of the three control
effects produced by the apparatus will connect a respec-
tively different one of three terminals to a supply termi-
nal, while Fig. 13 illustrates the various connections
established by the Fig. 10 apparatus, when interconnected
as shown in Fig. 12, for various positions of the vane 1
and adjusted reactance values of the coil 2 which estab-
lish the several control effects. The connections shown
in Fig. 13 corresponding to each of the three control
effects are limited in each case to the circuit of the
particular one of the terminals 113 through 115 which
is energized by the corresponding control effect,

As shown in Fig. 12, a common terminal 110 is con-
nected by a conductor to a supply terminal 111. A
second supply terminal 112 is selectively connected by
the relays 14 and 20 to one or another of a first control
effect terminal 113, a second control effect terminal 114,
and a third control effect terminal 115. To this end,
the terminal 113 is connected by a conductor to the nor-
mally-closed contact 18 of the relay 14, while the mov-
able contact 17 of the latter is connected by a conductor
to the supply terminal 112. The terminal 114 is con-
nected by a conductor to the normally-closed contact 24
of the relay 20, while the movable contact 23 of the
latter is connected by a conductor to the normally-open
contact 19 of the relay 14. Finally, the contact 115 is
connected by a conductor to the normally-open contact
25 of the relay 20. The relays 14 and 20 are shown
in the dropped-out position in Fig. 12.

The various vane positions and reactance values for
the coil 2 which produce the several control effects, the
positions of the relays 14 and 20 corresponding to these
control effects, and the particular terminals energized by
the establishment of the different control effects will now
be described with reference to Fig. 13. When said react-
ance value is above the first or higher control point value,
the first control effect is established, wherein each of the
relays 14 and 20 is in the dropped-out position, whereby
solely the terminal 113 is connscted to the supply termi-
nal 112. This connection is established by the engage-
ment of the contacts 17 and 18 as shown. When said re-
actance has a value which lies between the first and sec-
ond control point values, and hence is in the neutral
zone, the second control effect is established, with the
relay 14 in the picked-up position and the relay 20 in the
dropped-out position as before. This results in the con-
nection of solely the terminal 114 to the supply terminal
112, this connection existing by virtue of the engagement
of the contacts 17 and 19, and the contacts 23 and 24.
When said reactance has a value which is below the sec-
ond or lower control point value, the third control ef-
fect will be established by both of the relays 14 and 20
being in the picked-up position simultaneously. This
causes solely the terminal 115 to be connected to the
supply terminal 112, this connection existing by virtue
of the engagement of the contacts 17 and 19 and the en-
gagement of the contacts 23 and 25.

Operation of the Fig. 10 apparatus

With reference to Figs. 10 through 13, let it be assumed
for purposes of providing a specific operative illustration
that the vane 1 is progressively moved from a position re-
mote from the coil 2 to a position well within the space
between the halves of the coil, and is then moved back to
the initial position. The various control effects produced
as such motion of the vane takes place will now be de-
scribed.

When the vane 1 is sufficiently out from between the
halves of the coil 2 so that the coupling produced by the
circuit 5’ is higher than that required to produce oscilla-
tion of both of the triodes 91 and 92, the latter will be
in oscillation, and both of the relays 14-and 20 will be
in the dropped-out position. Therefore, as seen from
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Fig. 13, the adjusted reactance of the coil 2 will be higher
than either of the first, or higher; and second; or lower,
control point values, and the first control effect: will be
established. Accordingly; the terminal 113 alone will be
connected to the supply terminal 112: through. the nor-
mally-closed relay. contacts 17 and: 18.of the relay 14.

When the vane 1 is. moved:into.the spaced between the
halves of the coil 2 to a peint where the coupling of the
circuit 5’ is just reduced below the value required to
maintain the oscillation of the triode 91, the adjusted
value of the reactance. of the coil 2 will have been de-
creased below the first or higher of the two control point
values, whereby oscillation of the triode 91 will be pre-
vented during the first halves, of the supply voltage cycles.
Since under no condition can. the triode 91 oscillate dur-
ing the second-half cycles, oscillation of the triode 91 will
be.completely prevented, whereby: the conductivity there-
of during the first half cycles will: be increased sufficiently
to cause the relay ¥4 to be actuated into the picked-up
position.

Since it is assumed that the new: position of the vane,
at which the coupling with respect to. the triode 9% is
reduced below the minimum oscillatory value, is not ef-
fective to reduce: the: coupling with. respect to the triode
92 sufficiently to. interrupt the oscillation thereof, the
relay 20 will remain in the dropped-out position, whereby
the second control effect will be established. Under this
effect, the terminal 114 alone will be connected to the
supply terminal 12, since the movable contact 17 of the
relay 14 will engage the normally-open. contact 19 which
is connected to the movable contact 23 of the relay 20,
and since the last mentioned contact will be in engage-
ment with the. normally-closed contact 24 which is con-
nected to the terminal 114,

Further movement of the vane 1 into the space between
the halves of the coil 2 will further decrease the adjusted
reactance value of the coil 2 and. the coupling provided
by the circuit 5. Since the. reactance of the coil 2 will
have already been reduced below the higher-contrel point
value individual to the triode 91 and’ below which this
triode cannot: oscillate, the relay ‘i4 will remain in the
picked-up position.. However, the vane 1 will eventually
reach a position where the coupling will be reduced below
the value necessary to maintain the triode 92 in oscilla-
tion. In other words, the adjusted reactance value of the
coil 2 will eventually be reduced below the second or
lower control point value, whereby the oscillation of the
triode 92 will cease, and its. conductivity- will be increased
during its operative half cycles. ' This will result in the
actuation of the relay 20 into the picked-up position and
the establishment of the third control effect, wherein
both of the relays 14 and 20 are simultaneously main-
tained in the picked-up position. The establishment of
the third control effect will cause the terminal 115 alone
to be connected to the supply terminal 112, since the
movable contact 17 of the relay 14 will still engage the
normally-open contact 19 which is connected to the mov-
able contact 23 of the relay 20, and since the latter will
be held in engagement with the- normally-open contact
25 connected to the terminal 115.

If the vane 1 is now moved in a direction away from
the coil 2, the reactance of the latter will be progressively
increased, whereby the triode 92. will go into oscillatien
and the relay 20 will move to the dropped-out position
as said reactance is increased above the lower control
point reactance value, Accordingly, the apparatus will
then be actuated from the third control effect to the sec-
ond control effect, and the connection of the supply ter-
minal 132 will be shifted from the terminal 115 to the
terminal 114, Further withdrawal of the vane 1 from
between the halves of the coil 2 will subsequently cause
the adjusted reactance value thereof to be increased past
the high control point value, at which value the oscilla-
tion of the triode 91 will be permitted. Therefore, the
apparatus will then be actuated from the second control
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effect into the first control effect; since both: of the relays
14 and 29: will have been. actuated into the dropped-out
position. This will: transfer the connection of the supply
terminal 312 from:the terminal 114 to the terminal 113.

Summarizing the foregoing, the circuit 5’ in combina-
tion. with the inductor 105 provides regenerative cou-
pling for each of the tricdes 91 and: 2. For any given
position. of the vane 1: relative to. the coil 2, a higher
value of coupling: will: be. provided for the triode 92
than will be provided for the triode 91. Accordingly
a different: control point:reactance value is established for
each of the triodes 91 and 92 on one or the other side
of which value the- oscillation. of the corresponding triode
is respectively. permitted: and prevented. Since each of
the triodes 91 and 92 is operatively energized solely
during the half cycles: of the supply voltage which alter-
nate. with those in which solely the other tricde is opera-~
tively energized, the resulting actuation of each of the
relays 14 and 20 is solely controlled with respect to the
corresponding control point value, and is such as to pro-
vide the three distinct control effects enumerated and de-
scribed above.

The inductor 105 is:advantageously made adjustable, as
shown, for the purpose of providing means by which the
width of the neutral zone can: be adjusted. It should be
apparent from the foregoing descripticn that the value
of the inductance of the inductor 165 determines the
difference between the coupling magnitudes produced at
the junctions 182 and 109 for any given reactance value
of the coil 2; and hence determines the difference be-
tween the aforementioned: first and second values of the
reactance control point. Increases and decreases effected
in the inductance value of the inductor 185 will cause
the second control point value to' be respectively moved
to the. right and:to the left in Fig: 13.

By way of illustration and example, and not by way
of limitation, it is noted that a working model of the Fig.
10 apparatus employed the following values for the com-
ponents: of the apparatus:

Resistor 301 K. ohms.._ 470
Condenser 30 —— mmf.... 25
Condenser 3% — e mmf 10
Condenser 3% mf__ 10
Condenser 40 e mf__ 10
Condenser 98 _ e mmf__ 5000
Condenser 160 .. e mmf 5000
Condenser 104 . _ . mmf__ 5000
Condenser 106 ee_mmf__ 10
Condenser 107 _____________ .. mf_ . 1.0
Inductor 105 __ . ____ microhenries_._ 2-6
Coil 2 do...._ 0.5-1.0
Coil 28 do____ 2.0
Coil 29 e do.___ 2.0
Coupling 28-29 — do____ 0.5
Relay winding 16— _______ -_ohms 5000
Relay winding 22 .o __ do___— 5000
Trans. winding 9 e volts__ 220
Choke coil 37 millihenries__ 1.5
Tube 91 e e e e e e e 5 12AU07
Tube 92 o -~ Y5 12AU7
Supply voltage frequency e __ cps-—- 60

The apparatus of Fig. 14

In Fig. 14 there is illustrated a preferred modification
of the apparatus of Fig. 10 which includes a desirable
safe-failure portion 116 not included in the Fig. 10 ar-
rangement. Aside from the safe-failure portion, the
apparatus of Fig. 14 is substantially identical to that of
Fig. 10. It is to be noted, however, that the safe-failure
aspects and arrangements per se are not a part of the
present invention, but are the invention of Robert J.
Ehret and Warren Moore, Jr., and are disclosed and
claimed in a copending application filed on even date
herewith and now issued as Patent No. 2,653,279 of
September 22, 1953.
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It is well known in the art that there are certain auto-
matic control applications which render it necessary or
at least desirable to provide the control apparatus with
so-called safe-failure provisions. Such provisions oper-
ate to prevent failure of some portion of the control
apparatus from establishing an unsafe condition of oper-
ation or control. As an example, when the vane 1 of
any of the apparatus embodiments disclosed herein is
adapted to be positioned by the pointer of a galvanometer
or millivoltmeter type of responmsive instrument which
positions the vane in accordance with a measured tem-
perature, and when the relays 14 and 20 control the heat-
ing of the means to the temperature of which the milli-
voltmeter is responsive, it is usually desirable, and in
some instances necessary, to assure that the heat is not
supplied in error, due to the failure of some component
of the control apparatus to respond properly to the meas-
ured temperature.

With specific reference to the arrangement disclosed
in Figs. 10 through 13, which arrangement is not
equipped with the safe-failure provision of Fig. 14, it
can be seen that any component failure within the ap-
paratus which permits both of the relays 14 and 20 to
be simultaneously actuated into the dropped-out posi-
tion will cause the establishment of the first control effect,
and the resultant energization of the terminal 113 from
the supply terminal 112. If the vane 1 of the apparatus
of Fig. 10 were positioned by a millivoltmeter respon-
sive to the temperature controlled by the relays of the
apparatus, the vane positions corresponding to the first
control effect would conventionally be representative of
low values of the measured and controlled temperature,
or at least of values below the desired value of tem-
perature. Therefore, in the operation of the apparatus
of Fig. 10 under the foregoing assumptions, the terminal
113 would normally be energized when the controlled
temperature was below the desired value, whereby the
first control effect would be one in which the energiza-
tion of the terminal 113 would cause heat to be supplied
at a maximum rate. From this it should be obvious that
a failure which would cause the first control effect to be
established irrespective of the value of the controlled
temperature and of the position of the vane 1 would
result in the continuous supply of heat at the maximum
rate, thereby producing what could well be a highly un-
safe condition.

t is for the purpose of preventing the apparatus of
Fig. 14 from establishing such unsafe conditions that the
safe-failure portion 116 is included in the Fig. 14 appa-
ratus. The portion 116 includes triode electron tubes
117 and 118 and various other circuit components and
connections to be described below. FEach of the triodes
117 and 118 includes the usuwal anode, control grid,
cathode, and cathode heater elements.

The Fig. 14 arrangement also includes the triodes 91
and 92, the common coupling circuit portion 5’, the ad-
justable inductor 105 and the condenser 106, the con-
densers 98 and 127, the rectifiers 88 and 89, the circuit
portion 93, the junction 99, and the connections between
these components, all as in Fig. 10. In Fig. 14, however,
the transformer 6B of Fig. 10 is replaced by a transformer
6C having the same windings 7 and 9’ which are included
in the transfermer 6B but having a center-tapped winding
8" in lieu of the winding 8 of the transformer 6B. The
winding 8’ has a center-tap connection 119 and terminals
26" and 27", and is connected to the cathode heaters of
the several electron tubes of the apparatus for energizing
the latter in a manner to be described hereinafter. It is
assumed that the terminal 26" is positive with respect
to the terminal 27" and the connection 119 during the
first half cycles of the alternating voltage supplied by
the conductors 46 and 47, during which the terminal 34’
is positive with respect to the junction 90 and the terminal
36°. It is also assumed that the terminal 27" is positive
with respect to the terminal 26” and the connection 119
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throughout the second half cycles of the supply voltage,
during which the terminal 36’ is positive with respect
to the terminal 34’ and the connection 90.

In Fig. 14, the previously described relays 14 and 20
are replaced by respective relays 14’ and 20’, each of
which includes all of the parts of the corresponding former
relay, and in addition includes a second set of normally-
open and normally-closed contacts, Specifically, the re-
lay 14’ includes the winding 16, the movable contact 17,
the normally-closed contact 18, and the normally-open
contact 19, and in addition includes a movable contact
120, a normally-closed contact 121, and a normally-open
contact 122. Similarly, the relay 20’ includes the winding
22, the movable contact 23, the normally-closed contact
24, and the normally-open contact 25, and in addition in-
cludes a movable contact 123, a normally-closed contact
124, and a normally-open contact 125. The contacts 120
through 125 are provided for the advantageous actuation
of signalling means as will be brought out in the descrip-
tion of Figs. 15 and 16 to be made hereinafter. The by-
pass condensers 39 and 40 are connected in parallel with
the respective relay windings 16 and 22 in Fig. 14 as in
the previous arrangements.

For the purpose of illustrating the safe-failure aspects
of the Fig. 14 apparatus to best advantage, there has been
shown a galvanometer or millivoltmeter type of measur-
ing instrument 126 which is assumed to be the means
which positions the vane 1 in the Fig. 14 apparatus. To
this end, the pointer 127 of the millivoltmeter 126 is
adapted to adjust the vane 1 relative to the coil 2 by
means of a suitable mechanical linkage diagrammatically
illustrated at 128. Also for purposes of illustration, the
instrument 126 is shown as being connected to a thermo-
couple 129 so as to be responsive to the output voltage
thereof, whereby the position of the vane 1, and hence the
adjusted reactance value of the coil 2, are assumed to be
proportional to the temperature measured by the thermo-
couple 129 and the instrument 126. It is also assumed
that the temperature to which the thermocouple 129 is
subjected is controlled by heating means which in turn are
controlled by the conjoint action of the relays 14’ and
20', connected as shown in Figs. 15 and 16.

The circuit 5’ of Fig. 14 is coupled to the two triodes
91 and 92 as a common oscillation-controlling circuit as
in the Fig. 10 arrangement, and the oscillation of the tri-
odes is controlled exactly as described in connection with
that arrangement.” Further, the relay 14’ in the portion
93 is controlled by the state of oscillation of the triode 91
with reference to the first, higher control point value in
the same manner as the relay 14 of Fig. 10 is so con-
trolled. Also, the relay 20’ is controlled by the state
of oscillation of the triode 92 in the Fig. 14 apparatus,
but not in the same manner as the relay 20 is controlled
by that triode in Fig. 10. Instead, the relay 20 is con-
trolled by the state of oscillation of the triode 92 through
the medium of the safe-failure portion 116 as will become
apparent, this control being such -as to cause the relay
20’ to assume the picked-up position at all times in which
the triode 92 is oscillating, and to assume the dropped-out
position whenever.the oscillation of the triode 92 is pre-
vented. ]

To this end, the relay 20’ is not included in the load
circuit of the triode 92, but this load circuit instead in-
cludes the conductor 97 connecting a load resistor 37’ be-
tween the terminal 36’ and the anode of the triode 92.
~ The relay 20’ is included in the output or load portion
of the portion 116, and the input portion of the latter is
coupled across the coil 29. Specifically, the relay 20’ is
connected in the output or load circuit of the triode 118,
while the input circuit of this triode is controlled by a
D. C. bias voltage developed by the tube 117 from the
‘oscillation signal which is produced across the coil 29
when either of the triodes 91 and 92 is oscillating. The
manner in which the position of the relay 20’ is controlled
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solely in accordance with the state of oscillation of the
triode 92 will be explained hereinafter.

In accordance with the above, the anodé of the tube
117 is connected to the cathode or lower end of the coil
29 by a conductor 130. The contro}l grid of the tube 117
is connected to the anode thereof for operation of the
tube 117 as a diode. The cathode of the tube 117 is
eonnected through a condenser 131 and a conductor 132
to the transformer winding ternminal 26", and is connected
from there through a conductor 133 to the negative junc-
tion 90. The latter is coimnécted by the conductor 38 to
the junction 99 at the upper end of the coil 29 as before.
Hence, when either of the triodes 91 and 92 is in oscilla-
tion, the tube 1&7 will devéelop a bias voltage across the
condenser 131 which renders the cathode of the tube 117
positive with respect to the términal 26"”. The path of
the signal which produces this bias voltage can be traced
from the lower, cathode end of the coil 29 through the
conductor 139, the tube 117, the condenser 131 and the
conductors 132, 133, and 38 to the upper end of the coil
29 at the junction 99.

The input circuit of the triode 118 is connected across
the condenser 131 in series with a source of A. C. bias
voltage. Specifically, the control grid of the triode 118
is connected through a resistor 134 to the cathode of the
tube 117 and hence to the left-hand teiminal of the con-
denser 131. The cathode of the triode 118 is connected
by a conductor 135 to the terminal 27" of the winding

8", through the latter to the terminal 26’’, and from
there through the conductor 132 to the right-hand ter-
minal of the condenser 131.

As was mentioned above, the relay 207 is connected in
the load circuit of the triode 118, and to this end the re-
lay winding 22 is connected between the anode of the tri-
ode 118 and the transformer winding terminal 36’ by a
conductor 136. Thus the relay 20’ is connected in a
portion 94’ which is analogous to the portion 94 of the
Fig. 10 arrangement.

The load circuit of the triode 118 can be traced from
the terminal 36’ through the winding 22 and the con-
ductor 136 to the anode of the triode 118, and from the
cathode of the latter through the conductor 135 and the
winding 8" to the negative junction 99. It is noted that
the instantaneous polarities of the transformer windings
are such that the A. C. bias voltage of the winding 8"
biases the cathode of the triode 118 positively with respect
to the associated control grid during the second half
cycles of the supply voltage, which aré the operative half
cycles for the triode 118.

The specific manner in which the relay 20’ is controlled
by the state of oscillation of solely the triode 92 will now
be described. Whenever the triode 92 is in oscillation,
a positive grid-cathode bias voltage for the triode 118
is developed across the condenser 1331. This bias voltage
is-made to have such a value as to overcome the negative
grid-cathode bias voltage produced by the winding §"
during the operative half cycles for the triodes 92 and
118, whereby the conductivity of the triode 118 is made
sufficiently high to operatively energize the relay 20’ and
hence to cause the latter to -assume the picked- -up posi-
tion. The fact that the triode 91 may sometimes bte
oscillating during the alternate half cycles is of no conse-
quence in connection with the operation of the relay 267,
since the triode 92 will always be oscillating during its.op-
erative half cycles at any time in which the triode 91
can possibly be oscillating during its operative half cycles.
In: other words, the triode 91 can never be oscillating dur-
ing its operative half cycles unless the triode 92 is already
oscillating during. its operative half cycles. That this is
true will be readily apparent when it is remembered that
the movement of the vane 1 towards the coil 2 always ter-
minates the oscillation of the triode 91 before terminat-
ing the oscillation of the triode 92.

‘When the oscillation of the triode 92 is prevented. dur-
ing the opérative half cycles of that triode, due to move-
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:the coil 2 which: produce the several control effects.
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ment of the vane 1 to.a position which is past the Iower
1eactance confrol point value, all oscillation of the circuit
will ‘cease, since the oscillation of the triode 91 must
have been terminated previously as noted above. - Accord-
ingly, the positive bias voltage developed across the con-
denser 131 will disappear, and the bias voltage supplied
by the winding 8” will drive the control grid of the triode
118 negative with respect to the associated cathode dur-
ing the second half cycles of the supply voltage, which
are the only half cycles in which the triode 118 can be
conductive. Therefore, the conductivity of the triode 118
will be signficantly reduced below the value correspond-
ing to oscillation of the triode 92, whereby the relay 20’
will no longer be operatively enérgized, but will assume
the dropped-out position.

. From the above it can bé seen that the relay 20’ is
maintained in the picked-up position at all times in which
the triode 92 is in the oscillating state, and is maintained
in the dropped-out position whenever the vane 1 prevents
the triode 92 from oscillating. This relationship be-
tween the staté of oscillation of the triode 92 and the
positionn of the relay 20’ is séen to be the exact reverse
of the relationship existing between the position of the
relay 20 and the state of oscillation of the triode 92
in the Fig. 10 arrangement. This fact is basically re-
spomsible for the safe-failure operation of the F1g 14 ap-
paratus, as will be brought out hereinafter.

To summarize the relationships between the oscillatory
states of the triodes 91 and 92 and the positions of the
relays and the several control effects produced thereby,
it is noted that an adjusted reactance value for the coil 2
abiove the first, higher control point value permits both
of the triodes 81 and 92 to oscillate, thereby causing the
relay 14’ to be in the dropped-out position and the relay
2% to be in the picked-up position. This is the first
control effect for the Fig. 14 apparatus. 1t will become
apparent from the subsequent description that the safe-
faiture operation provided by the apparatus stems basical-
ly from the requirement that the relay 20’ be in the
picked-up position in order to establish the first control
effect.

When said reactance value is reduced below the first
control point value, but is still above the second, lower
control point value, the oscillation of the triode 91 will
be prevented at all times, but the oscillation of the triode
92 will still be permitted. This will cause the relay 14’

to assumethe picked-up position, thereby establishing the

second control effect for the apparatus wherein both of
the relays 14’ and 29’ are simultaneously maintained ‘in
the picked-up position.

When said reactance value is subsequently reduced be-
low. the second, lower control point value, the oscilla-
tion of the triode 92 will also be prevented at all times,

and the relay 20’ will therefore be actuated into the
dropped-out position. This will establish the third con-

trol effect of the apparatus, wherein the relay 14’ is in
the picked-up- position while the relay 20’ is in the
dropped-out position.

The diagrams of Figs. 15 and 16

Figs. 15 and 16 are diagrams relating to the several
control effects whlch the apparatus of Fig. 14 is operative
to produce in the presence of various adJusted reactance
values of the coil 2 corresponding to various posmons
of the vane 1. F1g 15 illustrates an advantageous manner

of interconnecting the contacts of the relays 14’ and 29’

so that each of the three control effects produced by the
apparatus will conriect a respecnvely different one of the
three terminals £13, 114, and 115 to the supply terminal
112, and will cause the appropriate actuation of 31gna1
lamps 137 and 138. Fig. 16 illustrates the various cofi-
nections established by the Fig. 14 apparatus when intef-
connected as shown in Fig. 13, for various positions of the
vane 1 and corresponding ad,usled réactance valies ‘of
The
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the three control effects are limited in each case to the
circuit of the particular one of the terminals 113 through
115 which is energized by the corresponding control effect.

As shown in Fig. 15, the supply terminal 111 is con-
nected directly to the common terminal 110, while the
other supply terminal 112 is connected to a conductor
139 to the movable contact 23 of the relay 20°. The first
control effect terminal 133 is connected directly to the
normally-closed contact 18 of the relay 14’, and the mov-
able contact 17 of the latter is connected by a conductor
140 to the normally-open contact 25 of the relay 29¢'.
The second control effect terminal 114 is connected di-
rectly to the normally-open contact 19 of the relay 14,
and the third control effect terminal 115 is directly con-
nected to the normally-closed contact 24 of the relay 20'.
The relays 14 ‘and 20’ are shown in the dropped-out posi-
tion of Fig. 15.

For the purpose of providing visual signals or indica-
tions as to which of the three control effects is established
by the apparatus at any given time, the lamps 137 and
138 are interconnected with the remaining contacts of
the relays 14’ and 28’ and the terminals 34’ and 36" of
the transformer secondary winding 9’ of Fig. 14. Thus,
a conductor 141 connects the terminal 34’ to one termi-
nal of the lamp 137, while the other terminal of the latter
is connected to one terminal of the lamp 138 at a junc-
tion 142. The other terminal of the lamp 138 is con-
nected through a current-limiting resistor 143 and a
conductior 144 to the terminal 36'.

The conductor 141 is also connected to the movable
contact 128 of the relay 14’, while the terminal of the
lamp 138 which is connected to the resistor 143 is also
connected to the normally-closed contact 124 of the
relay 2¢’. A conductor 145 connects the normally-
closed contact 121 of the relay 14’ to the normally-open
contact 125 of the relay 20’, and a conductor 146 con-
nects the junction 142 to the movable contact 123 of
the relay 20'.

The various vane positions and reactance values for
the coil 2 which produce the several control effects, the
positions of the relays 14’ and 20’ corresponding to these
control effects, and the manner in which the particular
one of the terminals 113 through 115 is energized for
each of the control effects will now be described with
reference to Fig. 16. When said reactance value is
above the first or higher control point value, the first
control effect is established, wherein the relay 14’ is in
the dropped-out position and the relay 20’ is in the
picked-up position. Under this condition, the terminal
113 alone is connected to the supply terminal 112,
through a circuit which can be traced from the supply
terminal 112 through the engaged contacts 23 and 25 of
the relay 20’ and through the engaged contacts 17 and
18 of the relay 14’ to the terminal 113. When said re-
actance has a value which lies between the first and sec-
ond control point values, and hence is in the neutral
zone, the second control effect is established, with the
relay 20’ in the picked-up position as before and with
the relay 14’ also in the picked-up position. Under this
condition, the terminal 14 alone is connected to the
supply terminal 112, through a circuit which can be
traced from the terminal 112 through the engaged con-
tacts 23 and 25 of the relay 20’ and through the engaged
contacts 17 and 19 of the relay 14’ to the terminal 114.

When said reactance has a value which is below the
second or lower control point value, the third control
effect is established, wherein the relay 14’ remains in the
picked-up position and the relay 20" assumes the dropped-
out position. Under this condition, the terminal 115
alone is connected to the supply terminal 1312, through
a circuit which can be traced from the terminal 112
through the engaged contacts 23 and 24 of the relay
20’ to the terminal 115. .

When the first control effect is established, this fact is
evidenced by the illumination of solely the signal lamp
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138. The circuit producing this action can be. traced
from the terminal 34’ through the engaged contacts 120
and 121 of the relay 14’, through the engaged contacts
123 and 125 of the relay 20’, and through the lamp 138
to the terminal 36’. When the second control effect is
established, this fact is evidenced by the illumination of
both of the lamps 137 and 138. The circuit producing
this action can be traced from the terminal 34’ directly
through the lamps 337 and 138 in series to the terminal
36’. Finally, when the third control effect is established,
solely the lamp 37 will be illuminated. The circuit for
this action can be traced from the terminal 34" through
the lamp 137 and through the engaged contacts 123 and
124 of the relay 20’ to the terminal 36°.

Operation of the Fig. 14 apparatus

With reference to Figs. 14 through 16, let it be as-
sumed for purposes of providing a specific operative
illustration of the Fig. 14 apparatus under normal con-
ditions that the vane 1 is moved to various positions rela-
tive to the coil 2. Specifically, let it be assumed that this
movement of the vane 1 is effected by the instrument
126 in response to the temperature of the thermocouple
129, and that this temperature is that of a space to which
heat is supplied by means energized in accordance with
the operation of the relays 14’ and 29’ and the establish-
ment of the three aforementioned control effects. In this
connection, let it be assumed that the energization of
the first control effect terminal 113 causes heat to be
supplied to the space at a maximum rate, that the ener-
gization of the second control effect terminal 114 causes
heat to be supplied to the space at an intermediate rate,
and that the energization of the third control effect ter-
minal 115 causes heat to be applied to the space at a
minimum rate.

Let it also be assumed that the desired temperature of
the space causes the vane 1 to adjust the reactance of the
coil 2 to a value within the neutral zone, and that tem-
peratures respectively above and below this desired value
cause the vane to adjust the reactance value of the coil
2 to values which are respectively below and above the
value corresponding to the desired value of temperature.
This means that an increase in the temperature of the
thermocouple 129 will cause the adjusted reactance value
of the coil 2 to decrease or move toward the right in Fig.
16. The last mentioned temperature will hereafter be
referred to as the measured temperature.

Finally, let it be assumed that the minimum, third
control effect rate of heat supply is insufficient to main-
tain the space temperature at the desired value, and is
insufficient to produce an unsafe condition, no matter
how long it is in effect.

When the measured temperature is considerably below
the desired value, due for example, to the supply of heat
having been previously interrupted, the vane 1 will be
remote from the coil 2, and the adjusted reactance value
of the coil will be well above the first, higher control
point value. Accordingly, both of the triodes 91 and 92
will be oscillating, the relay 14’ will be in the dropped-
out position, the triode 118 will be conductive, and the
relay 26’ will be in the picked-up position. Therefore,
the first control effect will be established, the terminal
113 will be energized, the lamp 138 alone will be illumi-
nated, and heat will be supplied to the aforementioned
space at 2 maximum rate.

As the measured temperature increases, in the presence
of the supply of heat, the vane 1 will move closer to the
coil 2, and the adjusted reactance value of the coil will
eventually be reduced below the first control point value.
Accordingly, the triode 91 will stop oscillating, and the
relay 14’ will be actuated into the picked-up position.
Since the oscillation of the tricde 92 will not be termi-
nated, the relay 20" will remain in the picked-up position,
Therefore, the second control effect will be. established,
the terminal 114 will be energized, both of the lamps
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137 and- 138 will be: ll'umlnated and: the tate ‘of ‘supply’

ofheat will b reduced to the' intérmediite valde:
If' the' measured: temperature’ still contirities to iricieass,

the vane 1 will' move further within' the space bétween'

the halves of ‘the coil'2, and the adjiistéd reactance value
of thé coil will eventually be reduced below the second,
lower control point value:
will ‘stop- oscillating; the triods 118 will be rendeéred sub-
stantially less conductive, and the refay 28" will 'be ac-
tuated - into the dropped-out posmon Sincé “the relay
14’ will remain in the picked-up position; the third coi-

trol effect will' be established, the terminal ¥i5 will be

energized, the lamp 137 alone will be illuminated, and the
rate of supply of heat will' be reduced to:the minimum
value:

Since it hds been: assumed that this minimum' rate of
heat supply is insufficient to hold the measured tempena~
ture above ‘the’desired value;- the temperature will even-
tually- decrease, and the- adjusted: reactance vahie of the
coil’2 will be increased-above the second control point
value.
hence cause the triode 118 to increase its' conductivity
and actuate the relay 26° into the picked-up- position,
thereby- shifting: the apparatus from the third to the sec-
ond contrel effect. If the resulting: intermediate rate of
heat supply is sufficient to maintain the  measured tem-

perature at the desired value, the second control effect’

will ‘be maintained. v
I the measured temperature continues to decrease,
however, due to any of the usual'causes, the adjusted re-

actance of the coil 2 will subsequently be increased above:

the first-control point value, whereby the triode 91-will
be permitted to oscillate. Accordingly, the relay 14" will
then be actuated to the dropped-out position, the first-con-
trol effect will be established,’ and the rate of heat supply
will be increased to the maximum value. Under normal
condﬂzons, the measured- temperature willl: ueually be
held close to the desired value, in the absence of sérious
dlStLLTDlI]g occurrences, since the width of the neutral zone
in actual practice is made desirably small by the proper
adjustment of the inductor 105,

Safe-failiife operation

Asnoted above, the foregoing descrlptlon concerns the
normal operation of the Fig. 14 apparatus.
ing description, however, will déal with operation under
abriormial conditions which tend to establish unsafe effects,
and will be made for the purpose of illustrating the op-

eration of the safé-failure prov1s1ons of the appanatus_
- 50

of space, to attempt to ‘discuss all of such possible failures
Therefore; only two or three” of sich possible

However, sirice thiére are numerots conditions of  failure
which could cecur, it is 1mpract1cal from the standpoint

herein.
fallures and the opération of the apparatus in the pres-
ence’ thereof, will be included in the following discussion.

Broadly, any failure of the apparatus whlch caiises the
relay 26’ to assume the' droppéd-out . position may be
termed a safe failure, since no unsafe operating condi-
tion will be produced by such failure. This can clearly
be seen from Fig. 15, wherefrom it is apparent that only

the minimum heat suppiy rate termiinal can be energlzed,

when the relay 20’ is in the dropped- -out position as
shown.
tion ‘bétween the supply terminal 112 and the contacts of

the relay 14, it'is immaterial, from the safe-failure stand-

point, whether the relay 14’ is picked-up or dropped-out
at that time:

Before mentioning several apparatus  failures which
could -occur and which would cause the apparatus to fail
safely; it should be roted with reference to Fig. 14 that
the'cathode heaters of the triodes 81 and 92 are connected

in series across the transformer winding 8’ between the-

terminals 267 and 27. Likewiss, the cathode heaters

of: the tubes-117 and 118 aie connected in series between:
_ Accordingly, ‘the” open-cir-
cuiting: of - the cathode - heater- of -either of ‘the' triodes

the terminals 26" and 27”.

Accordingly;  the triode’ 92

This will cause the triode’ 92-to oscillate; and will

The follow-

Since there is no connection under this condi-
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o1: gnd 92 posmvely rendérs both of these tnodes m-f
opérative; while dpén-circuiting “of “the cathode heater ‘of
gither of the tubes 117 and 118 positively’ renders’ both
of these tubes inoperative! In view of the above, it can’
be seén that cathode heatéer or equivalent fallure in either
of the triodes 91 and 92 is a safe failure; sitice’ no oscilla:
tion’ will then be p0331b1e in'the apparatus, and the triode
118" will therefore” bé incapable of actuating the relay
20’ out of the dropped-out or safe ‘position. Likewise,
cathodé heater or equivalent failure in either of the tubes
137 and 318 is a sife’failure, since the trlode 118" will’
be rendered lncapable of actuating the relay 20’ out’of
the ‘dropped-out position undeér this condition:

Further, any failuré which-prevents” oscillation within:
the apparatus will result in the ‘triode 118 being' preven’ted;
from actuating the relay 26" ont of the dropped-oiit posic
ticn, and hence will not produce an uhsafe condition.

Fmally, it can be seen that the: fallure of the st “of
energizing cuirent which erergizes’ the' transformer- GC
will orily prevent the relay 28" from béing: energlzed ‘and
will therefore leave that relay in thé safe position.

It is apparent from the' foregoing that the safe-failure’
operation of the Fig. 14 apparatus stems: baswally fromr’
the requirement that the relay 20’ be picked-up in order
that heat be supplied at the maximuin rate,

Tt order to provide the so-called “thermocouple* burn-
out” protection ofter required in apparatus of the mil:
livoltmeter controller type, the apparatus of Fig: 14 ad~
vmtageously includes' a resistor 147 and a rectifier 148
connected in series between one’of the conductors of the
thermocouple 129 and the center-tap connection:119 of
the winding 8, and also includes a conductor 149 which:
connects the other thermocouple conductor to the termi+
nal 26" of the wmﬂmg 8", The operation of the result-
ing arrangement is such that open=circuiting of the thermo«
couple circuit causes a bias voltage to be’ (apphed to" the
instrament 126 of such a nature that’the vane 1'is main-
tained well within the space between the ‘halves’ of “the’
coil 2. This obviously catises the" third - control” effect
to be establisheéd and ' maintained-in’ the apparatus;-and
théreby' prevents the failure of the thermocouple’ circuit
from ‘causing af unsafe condition to be produced

By way of illustration and example, and not’ by way’ of
limitation, it is noted that a working model of the appa-
ratus of Figs. 14 through 16 employed the followmg values”
for the components of the apparatus:

Resistor 37’ 18
Resistor 101 _do: 470°
Resistor 134 'S 2.2
Resistor 143 . K. ohms_.. 160
Condenser 30 ___ . . . _ . ___ mmf_ .. 25
Condenser 31 Il lili.o mmf__ 10
Condenser 39 ..o L Il L. mf_z 10
Condenser 10
Condenser f_ 5000
Condenser 208 ___-___.....___ _o__mmf_- 5000
Condenser 104 __ -l .. _....C seemmf-o 5000
Condenser 186 ____. . . .. _L.l._-io_ . mmf.. - 10
Condenser 107 L L il i l.lla ~mf_ 1.0
Condenser 131 ______________________ mmf._-  5100°
Inductor 105 __________...lo m1crohenr1es__ 2=6
Coil 2 L do=_2 0.5=1.0
Coil 28 i lllloielllolloll do.--= 2:0°
Coil 29 ... - do___= 2.0
Coupling 28-29 L . _locoiil do__-= —05
Relay winding 16 -l ohms.... 5000:
Relay winding 22 - o icmcmecc oo iim oo do..-.- 5000
Trans, winding 9 ol volfs..- 220
Trans. winding 8" ... o . do___v_ 12.6'
Tube 91 oLl aoaili -1 12AU07
Tube 92 e el e L VA12AUT
Tube 117 ool i il 1A 12AU7
Tube 118 __- - V512AU7:
Supply voltage* frequency ______________ cpsz. . 60
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While, in accordance with the provisions of the statutes,
T have illustrated and described the best form of the
invention now known to me, it will be apparent to those
skilled in the art that changes may be made in the form
of the apparatus disclosed without departing from the
spirit of the invention as set forth in the appended claims,
and that in some cases certain features of the invention
may sometimes be used to advantage without a cor-
responding use of other features.

Having now described my invention, what I claim as
new and desire to secure by Letters Patent is as follows:

1. Control apparatus, comprising a controlled circuit
including a single adjustable impedance element adapted
to be adjusted to various values, said circuit being actuat-
able into one or another condition depending upon the
relationship between the adjusted value to which said
element is adjusted and a control point value, frst means
connected to said element and operative effectively to
shift the value of said element and hence said control
point value between two predetermined values alternately
during periods which alternate at a predetermined fre-
quency, first and second responsive portions connected to
said circuit and responsive to the condition thereof, and
second means connected to said portions and operative to
cause one of said portions to respond to the condition of
said circuit solely during the periods in which said control
point has one of said two values, and to cause the other
of said portions to respond to said condition solely dur-
ing the alternate pericds in which said control point has
the other of said two values.

2. Control apparatus, comprising first and second re-
sponsive devices, first means connected to said devices
and operative to permit and prevent the cperative ener-
gization of said first device in alternation, and to prevent
and permit the operative emergization of said second
device throughout the times in which the operative en-
ergization of said first device is respectively permitted and
prevented by said first means, a single adjustable im-
pedance element connected in a circuit with both of said
devices, and second means connected to said element and
operative, whenever the operative energization of said
first device is permitted by said first means, effectively
to establish a first control point value of said element on
one or the other side of which the operative energization
of said first device is respectively effected and prevented,
and operative, whenever the encrgization of said second
device is permitted by said first means, effectively to
establish a different control point value of said element
on one or the other side of which the cperative energiza-
tion of said second device is respectively effected and
prevented.

3. Apparatus as specified in claim 2, wherein said cir-
cuit includes an oscillator circnit which is operative at
any given time to oscillate or not to oscillate when said
element is adjusted to values respectively on one or the
other side of the then existing value of said control point.

4. Control apparatus, comprising first and second elec-
troresponsive devices, each of which is operative to as-
sume one or another condition depending upon whether
the device is or is not operatively energized, first means
connected to said devices and operative to permit and
prevent the operative energization of said first device in
alternation at a predetermined frequency, and to prevent
and to permit the operative energization of said second
device throughout the times in which the operative ener-
gization of said first device is respectively permitted and
prevented by said first means, a single adjustable imped-
ance element connected in a circuit with both of said
devices and operative, when adjusted to different values,
to permit and prevent the operative energization of said
devices, and second means electrically connected to said
element and operative, whenever the operative energiza-
tion of said first device is permitted by said first means,
effectively to establish electricaily a first control point
value of said element on one or the other side of which
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the operative energization of said first device is respec-
tively effected and prevented, and operative, whenever
the energization of said second device is permitted by
said first means, effectively to establish electrically a dif-
ferent control point value of said element on one or the
other side of which the operative energization of said
second device is respectively effected and prevented, said
apparatus being thereby operative to cause a given change
in the adjustment of said element through one of said first
and different control point values to actuate one of said
devices from one condition to the other without actuat-
ing the other of said devices from one condition to the
other.

5. Control apparatus, comprising circuit means actuat-
able into first and second states and having first and sec-
ond portions, a separate responsive device individual to
cach of said portions and operative to assume one or an-
cther condition depending upon the flow of current in the
corresponding portion, a single adjustable impedance ele-
ment included in said circuit means and operative, when
adjusted to one value, to permit said circuit means to
assume said first state, and operative, when adjusted to
another value, to prevent said circuit means from assum-
ing said first state, first means connected to said first and
second portions, including terminal means adapted to be
connected to a source of energizing current, and opera-
tive, when so connected, to energize solely one of said
first and second portions during first periods which alter-
nate with second periods during which solely the other
of said first and second portions is energized, the fiow
of current in said first and second portions being jointly
determined by the energization thereof and by the state
of said circuit means, and being operative to have one or
another value depending upon whether said circuit means

5 is in said first or said second state, respectively, and sec-

ond means electrically connected to said element and
operative solely during said first periods effectively to
establish a first control point value of said element on
one or the other side of which said element respectively
ermits and prevents the assumption of said first state by
said circuit means, and operative during solely said sec-
ond periods effectively to change by a predetermined
amount the value of said control point, said apparatus
being thereby operative to cause a given change in the
adjustment of said element to actuate one of said devices
from one condition to the other without actuating the
other of said devices from one condition to the other.

6. Control apparatus, comprising a single oscillator cir-
cuit having first and second circuit portions, a separate
responsive device individual to each of said portions and
operative to assume one or another condition depending
upon the flow of current in the corresponding portion, a
single adjustable impedance element included in said cir-
cuit and operative, when adjusted to one value, to permit
oscillation of said circuit, and operative, when adjusted
to another value, to prevent oscillation of said circuit, first
means connected to said first and second portions, in-
cluding terminal means adapted to be connected to a
source of energizing current, and operative, when so con-
nected, to energize solely one of said first and second por-
tions during first periods which alternate with second
periods during which solely the other of said first and
second portions is energized, the flow of current in said
first and second portions being jointly controlled by the
energization thereof and by the state of oscillation of said
circuit, and second means electrically connected to said
element and operative solely during said first periods
effectively to establish a first control point value for said
element on one or the other side of which said element
respectively permits and prevents oscillation of said cir-
cuit, and operative during solely said second periods ef-
fectively to change by a predetermined amount said con-
trol point value of said element, whereby a given change
in the adjustment of said element is operative to actuate
one of said devices from one condition to the other with-
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out actuating the other of said devices from-one condi-
tion to the other.

7. Apparatus as specified in claim 6, wherein said ele-
ment is a reactive element including a reactive part and
a cooperating part, the latter being operative, when ad-
justed relative to said reactive part; to vary the reactance
of said element.

8. Apparatus as specified in claim 7, wherein said sec-
ond means includes an impedance element and is opera-
tive to connect the last mentioned impedance element in
parallel with said reactive element solely during said sec-
ond periods.

9. Apparatus as specified in claim 8, wherein said last
mentioned impedance element is a resistor.

10. Apparatus as specified in claim 8, wherein said last
mentioned impedance element is a condenser.

11. Apparatus as specified in claim 8, wherein said sec-
ond means includes an electromagnetic switch having an
operating portion and first and second contacts which are
operative to engage and disengage each other alternately
under the control of said operating portion, means
adapted to energize said operating portion, and conduc-
tors operative to connect said last mentioned impedance
clement in series with said contacts across said reactive
element.

12. Apparatus as specified in claim 7, wherein said sec-
ond means includes an impedance, a rectifying device,
conductors connecting said impedance and said rectify-

ing device in series with each other and in parallel with

said reactive element, and means operative to connect

said rectifying device to a source of alternating voltage:

having .a frequency which is equal to the frequency of

alternation of said periods, and being operative, when so.

connected, to render said rectifying device alternately
conductive and substantially non-conductive at the fre-
quency of altermation of said periods, whereby said im-
pedance is alternately effectively connected across and
disconnected from said reactive element at said fre-
quency. v

13. Apparatus as specified in claim 12, wherein said
rectifying device is a diode, and wherein the last men-
tioned means includes conductors adapted to apply an
alternating voltage -of said frequerncy across said diode.

14. Apparatus as specified in claim 7, wherein said sec-
ond means includes an electron tube having an anode,
a cathode, and a control grid, reactance means; means
operative to connect said anode and cathode in- series
with said reactance means to a source of alternating volt-
age having a frequency which is equal to the frequency
of alternation of said periods, means connecting said
cathode to one terminal of said reactive element, means
connecting said control grid to the other terminal of said
reactive element, and means connecting said-control grid
to said anode, said second means being thereby operative
to connect alternately different values of the input-im-
pedance of said triode across said reactive element.

15. Apparatus as specified in claim 6, wherein said
oscillator circuit includes electron tube means- having
anode-cathode circuit portions, and wherein said first
means includes conductor means connecting each of said
responsive devices in series with a respective one -of said:
anode-cathode circuit portions to said terminal means.

16. Apparatus as specified in claim 15, wherein said
conductor means is adapted to connect one of said anode-
cathode circuit portions to- a source of alternating volt-
age which is displaced substantially 180 degrees in phase
from a source of alternating voltage to which said con-
ductor means is adapted to connect® the other of said
anode-cathode circuit portions.

17. Apparatus as specified in claim 6, wherein said first
means includes conductor means- operative to' connect
said first portion to a source of alternating voltage which

is displaced substantially’ 180 degrees-in phase: from a:

source of alternating: voltage to which said conductor
means is operative to connect said second portion, where-
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in said element is a reactive element including a reactive
part and a cooperating part; the latter being operative,
when- adjusted relative to said reactive part, to vary the
reactance of said element, and wherein said second means
includes an impedance element, an electromagnetic switch
having an operating portion and first and second contacts,
conductor means adapted to connect said operating por-
tion to a source of alternating voltage of the same phase
and frequency as the voltage of one of the first mentioned
alternating voltage sources, said operating portion being
operative, when so connected, to cause said contacts to
engage and disengage each’ other at said frequency, and
conductors operative to connect the last mentioned im-
pedance element in series with said contacts across said
reactive element. )

18. Apparatus as specified in claim 6, wherein each of
said portions includes an electron: tube individual to that
portion and having an input circuit and an output: circuit
including an anode and a cathode, wherein said first means
includes connecting means adapted to connect one of said
devices and the anode and cathode of the tube of the cor-
responding one of said portions in series to a first source
of alternating voltage of said frequency, and adapted to
connect the other of said devices and the anode and
cathode of the tube of the other of said portions in series
to a second source of alternating voltage of said frequency
which is displaced substantially 180 degrees in phase from
the voltage of said first source, wherein said element is
connected in a feedback circuit between the input and out-
put circuits of each of said tubes, and wherein said oscil-
lator circuit includes means operative to increase sub-
otantially the conductivity of each of said tubes when said
circuit is prevented from oscillating; by the ad]ustment of
said element, dunng the cnes of said periods in which the
anode of that tube is rendered positive with respect to the
cathode of that tube.

19. Apparatus as specified in claim 18, wherein said
connecting means includes a transformer having a sec-
ondary winding provided with a center-tap connection and
having a primary winding, and includes conductors con-
necting said primary winding to said terminal means, and
wherein there are included conductor means connecting
said center-tap connection to each of said cathodes, con-
ductor means connecting one of said anodes through the
corresponding one of said devices to one end terminal of
said secondary winding, and conductor means connecting
the other of said anodes through the other of said devices
to the othér end terminal of said secondary winding.

20. Apparatus as specified in claim 18, wherein said
adjustable element is a reactive element including a re-
active part and a cooperating part, the latter being
adapted, when adjusted relative to said reactive part, to
vary the reactance thereof, and wherein said second means
includes an impedance, a control device, conductors con-

3 necting said impedance and said control device in series

across said reactive element, and means adapted to ener-
gize said control device with alternating current of said
frequency and of a phase which is substantially the same
as that of the voltage of one of said first and second
sources, said control device being operative, when so ener-
gizéd to commect said impedance effectively across said
reactive element throughout said second periods and to
remove said impedance effectively from across said reac-
tive element throughout said first periods.

21. Apparatus as specified in claim 18, wherein said
adjustable element is a reactive element including a re-
active part and a cooperating part, the latter being
adapted, when adjusted relative to said reactive part, to
vary. the reactance of said element, wherein said element
is connected in the oscillation determining portion of
cach of said circuit portions, whersin said second means
includes an impedance device, and wherein said im-
pedance device is connected with said element in solely
one-of said oscillation’ determining portions at all times.

22. Control apparatus, .comprising an oscillator ‘circuit
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having first and second circuit portions, cach of which
includes an electron tube having input, cutput, and load
circuits, an adjustable inductive element connected within
the input and cutput circuiis of both of said tubes and
adapted to permit or prevent the oscillation of said cscil-
lator circuit accordingly as said element is adjusted to a
value respectively above or helow a control point value,
first and second electro-responsive devices, conductors
connecting one cf said devices in series with the load
circuit of one of said tubes to a first source of alternating
current of a predetermined frequency, conductors con-
necting the other cf said devices in series with the lcad
circuit of the other of said tubes to a second source of
alternating current of said frequency which is substantially
130 degrees out of phase with respect to said first source,
an adjustable resistor, a switching device including a pair
of contacts and operating means which are operative,
when energized with alterpating current, to open and
close said contacts alternately at the frequency of the
alternating energizing current, conductors connecting said
operating means to one of said first and sscond scurces,
conductors connecting said contacts and said resistor in
series across said element, thereby to establish two
different values of said control point aliernately at said
frequency, and bias means included in said oscillator
circuit and operative to cause said load circuits to effect
the operative energization of each of said devices solely
witen the respective one of said portions is energized but
is prevented from oscillating.

23. Control apparatus, comprising an oscillator circuit
haviag first and second circuit portions, each of which
includes an electron tube having input, output, and load
circuits, an adjustabie inductive element connected within
the input and sutput circuits of one of said tubes and
operative to permit or prevent the oscillation of the respec-
tive one of said portions accordingly as said element is
adjusted to a wvalue respectively above or below a first
control point value, an impedance means conmected in
series with said element within the input and output cir-
cuits of the other of said tubes, said element being
operative to permit or prevent the cscillation of the
other of said portions accordingly as said element is
edjusted t¢ a value respectively above or below a second
control point value which differs from said first control
peint value in accordance with the magnitude of the
impedance of said impedance means, first and second
electro-respensive devices, conductors connecting one of
said devices in series with the load circuit of one of said
tubes to a first source of alternating current of a pre-
determined frequency, conductors conaecting the other of
said devices in series with the load circuit of the other
of said fubes to a second source of alternating current
of said frequency which is substantially 180 degrees out
of phase with respect to said first source, and bias
means included in said cscillator circuit and operative to
control the operative energization of each of said de-
vices in accordance with the state of oscillation of the
respective one of said portions.

24, Apparatus as specified in claim 23, wherein one
of said devices includes means responsive to the oscilla-
tion of the respective one of said portions and operative
to effect the operative emergization of said one of said
devices solely when the last mentioned one of said
pertions is oscillating, and wherein the other of said

evices is operative to be operatively energized by the

tespective one of said lcad circuits solely when the
respective one of said portions is energized but is pre-
vented from oscillating.

25. Controi apparatus, comprising an oscillator circuit
having first and second circuit portions, each of which
inctudes 2n electron tube having anode, cathode, and
control elecirodes, a coupling means common to said
portions and iacluding a circuit branch the reactance of
which determines the magnitude of the coupling effected
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by said means and hence determines whether the oscilla-
tion of said portions is permitted or prevented, an ad-
justable reactance element included in said circuit branch
and operative to vary the reactance thsreof when ad-
justed to different values, a first point in said circuit
branch at which the reactance, with respect to a common
point, is different from the reactance of a second point
in said circuit branch, with respeet to said common point,
for a given adjusted value of said clement, means con-
necting said common point to the anodes and cathodes
of said tubes, means connecting said first point to the
control ejecirode of one of said tubes, means connecting
said second point to the control electrode of the other
of said tubes, first and second electro-responsive devices,
conductors connecting one of ‘said devices in series with
the ancde and cathode of one of said tubes to a first
scurce of alternating current of a predetermined fre-
querncy, conductors connecting the other of said devices
in series with the anode and cathode of the other of said
tubes to a sccond source of alternating current of said
frequency which is substantially 180 degress out of phase
with respect to said first source, and bias means included
in said circuit and operative to control the operative
energization of each of said devices in accordance with
the state of oscillation of the respective one of said por-
tions. _

26. Control apparatus, comprising an electron tube
having anode, cathode, and control electrodes, a coupling
portion including an adjustable element connected be-
tween said electrodes and operative to permit or pre-
vent the oscillation of said tube accordingly as said ele-
ment is adjusted to a value respectively above or below
a control point value, first and second electro-responsive
devices, conductors connecting said first device and a
first rectifier in series with the ancde and cathode of
said tube to a first source of alternating current of a
predetermined frequency, conductcrs connecting said sec-
ond device and a second rectifier in series with the anode
and cathode of said tube to 2 second scurce of alternat-
ing current of said frequency which is substantially 180
degrees out of phase with respect to said first source, said
first rectifier being operative to permit current flow
through said first device solely from said first source, and
said second rectifier being operative to permit current
flow through said second device solely from said secend
source, an impedance device, means operative tc connect
and disconnect said impedance device across said element
alternately in synchronism with the aiternating current
of one of said sources, thereby to establish two different
values of said control point alternately at said frequency,
and bias means connected to said tube and cperative,
when said tube is not oscillating, to decrease the internal
anode-cathode resistance of said tube substantially below
the value corresponding to oscillation of said tube.

27. Control apparatus, comprising an oscillator circuit
baving first and second portions, a separats responsive
device individual to each of said portions and operative
to assume one or another condition depending upon the
flow of courrent in the corresponding portion, a single
adjustable impedance element included in said circuit and
operative, when adjusted to one value, to permit oscilla-
tion of said circuit, and operative, when adjusted fo an-
other value, to prevent oscillation of said circuit, means
operative to permit current flow in said first and second
portions when said circuit is not oscillating, and to reduce
substantially current flow in said first and second portions
when said circuit is oscillating, first means connected to
said first and second portions and operative to permit cur-
rent flow in solely one of said first and second portions
during first periods which alternate with second periods
during which current flow is permitted sclely in the other
of said: first and second portions, whereby the flow of
current in said first and second portions is jointly con-
trolled by said first means and by the state of oscillation
of said circuit, and second means electrically connected
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to said element and operative solely during said first pe-
riods effectively to establish a first control point value of
said element on one or the other side of which the latter
respectively permits and prevents oscillation of said cir-
cuit, and operative during solely said second periods effec-
tively to change said control point value by a predeter-

mined amount, whereby a given change in the adjustment

of said element is operative to actuate one of said devices
from one condition to the other without actuating the
other of said-devices from one condition to the other.
28. Control apparatus, comprising an oscillator circuit
having first and second portions, a first current responsive
device electrically connected in a corresponding one of
said portions, a second current responsive device electri-
cally connected in the other of said portions, each of
said responsive devices being operative to assume a first
condition in the presence of current flow of predetermined
magnitude in the corresponding one of said portions, and
to assume a second condition in the absence of such cur-
rent flow, a single adjustable impedance device included
in said circuit and operative, when adjusted to one value,
to permit oscillation of said circuit, and operative, when
adjusted to another value, to prevent oscillation of said
circuit, means operative to permit current flow of said
predetermined magnitude in said first and second portions
when said circuit is not oscillating and to reduce current
flow in said first and second portions substantially below
said predetermined magnitude when said circuit is oscil-
lating, first means connected to said first and second por-
tions and operative to permit current flow in said first
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portion during first periods which alternate with second
periods during which current flow is permitted in said
second portion, and operative to prevent current flow in
said second portion during said first periods and to pre-
vent current flow in said first portien during said second
periods, whereby current of said predetermined magni-
tude is caused to flow in said first portion solely when said
circuit is not oscillating during said first periods, and.is
caused to flow in said second portion solely when said
circuit is not oscillating during said second periods, and
second means electrically connected to said element and
operative solely during said first periods effectively to es-
tablish a first control point value of said element on one
or the other side of which the latter respectively permits
and prevents oscillation of said circuit, and operative dur-
ing solely said second periods effectively to change said

- control point value by a predetermined amount, whereby

a given change in the adjustment of said element is opera-
tive to actuate said first device from one of said conditions
to the other without actuating said second device from
one of said conditions to the other.
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